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WALLACE STONE INVESTIGATION

Part I, Scaling of Concrete, Main Street Bridge, Lansing, UB-1 and UB-2 of 33-6-4

Two highway bridges, UB-1 and UB=-2 of 33~-6-4, located on Main Street, Lansing,
and completed in October, 1949, developed excessive scaling, especially along sidewalk-
curb faces and divider strips within one year after construcﬁiona An investigation
was authorized to study the matter to determine the cause of scaling and to check
the suitability of Wallace stone for future consiruction, since Wallace stone was
used in these bridges,

This is the first of three progress reportis fo be 1ssued which will cover three
phases respectively of the general investigation of Wallace stone, The second will deal
with tﬁe evaluation of Wallace stone in existing structures, and the third will giﬁe |
the results of a cocperative laboratory investigation of Wallace stone carried out by
the National Crushed Stone Aésociation and the Research Laboratory of the Michigan
State Highway Department. The.present report on the Main Street Bridge covers the
results of the condition survey, core study, consiruction review, and miscellaneous
laboratory studies performed in connection with the investigation,

Condition Survey

The condition survey was made in May, 1951, by C. C. Rhodes, Myron Brown, and
i, A, Pinney, The character, extent, and amount of secaling encountered irn the survey
have bheen presented graphiecally and pictorially in Figures 1 and 2, respectively,
Pigure 1 gives the percent and location of scaling in relation to concrete pours and
position in the structure, The location of subsequent test cores are also shown in
Pigure 1. Photographs A to M in Figure 2 illustrate the condition of the concrete
surface at core locations, The letter under each photograph coincides with the core
designation taken at that particular location, The condition survey hag brought

to light the following facts.



NOLLYE0IE3L30 40 INROMY =S
SRR S B

waamnn s:uuu@

S390148 13381S NIVIN 3HL 4O A3AYNS NOILLIONOD

|
|
1
|
| | 3uNOkd
| L ELEES-
| 308"
-—--—— #-9-EE 40 €8 N . r-9-€E 4018 N T
.ﬂ B N O 1T MY ORINTINIG HDNOE
S . . _— L i e bt T i< S .
| ; _ L ® © W & & ® G P
£ " et E T T ; R R T Y I :
. 0 ] o5 e Slm3 W opm1=0 nT=Y oo TRE- e =2 % =3
| I -
L@ ' ® | © et @ ® €
: I | 1 oW 3¥0d i 1
1 ! . H —
i
; DNHSIHIY B0
O S ;@ ® ® ® ;@
| i ! . . . z
€ 3us> | itz e _, ! | BMNTING MO0 iz a : e
i ® | @ ne @ & 8 .
o i - Y. /0 9E-3 ; . o $9 -2 : !
i £ mmnu\\ v hoda ! hS P e oe : 4 i /vk v S N R
N ki = e R La - e st e
“!.. ......lealﬂrn‘ ||||| g e S— L i i — S LT S - ﬂ N
oo5vsd bioi | BHTIYOS L._.Gj)n\na_nut %‘Sm.“m%_ﬂr 9 i @ \u .;ro\oo_..u “orpgi-n my . @ Nonorey oo
! ! - ] .
! S < R j Funoics = " \
| H } 2 3wes . ! i :
—— T e = = — - i
) / Lo
: ; @ ® P @ ® ® © ®
[ ! ,_,_ ! . ; '
T R S , ‘, _ ,H
! !
: | ® @ | ® ® ® ® /
w M ; o i o e T B e Fobaw e SOwZD _, Sot-3  hbe, Stelf-3 e 0ED _ SO 2D O ED
| m 1 v ] o : T TS ! WovED ,
\r\ C@ o 8y N e i ® 8 e . ... 8. e . ® 8
[ powm,zﬂﬂ\oz_xuxmuﬂm%_ 0'lg8 ol4E s6148 SBrHL (1= OL+d o acis m...:.\\
SrmSIN HDNOY
! !
3

e




@B MAP CRACKING, NORTH SIDEWALK, POUR E, GORE A, . SCALED SLAB, POUR B, CORE B, 1.96 % AIR.
A 1.70 % AIR. STATION |+ 28. ‘ B STATION 11+ 20 - 5 FT. RT. OF CENTER.

. SCALED CURB, POUR 63, CORE C, .90 % AIR, . UNSCALED SEGTION OF CURB, POUR 69, CORE D,
C  STATION 9+ 31, NORTH MEDIAN CURB, D 2.78 % AIR. STATION 8+ 72, SOUTH MEDIAN CURB,

. SCALED CURB, POUR 42, CORE &, 1.70 %% AIR, . SCALED CURB, POUR 8, CORE F, 3.27 % AIR,
£ STATION 5+ 20, SOUTH MEDIAN CURB. F STATION 5 + 20, SOUTH LANE.

FIGURE 2. CONDITION OF CONCRETE SURFACE AT CORE LOCATIONS




. BADLY SCALED AREA, SOUTH WALK, POUR 45, . UNSCALED SECTION OF SLAB, POUR 10, CORE H,
G CORE G, 1.31 % AIR, STATION 5 + 64. H  2.49 o AIR, STATION 5+ 73.

FIGURE 2
CONDITION OF CONCRETE SURFACE
AT CORE LOCATIONS

o E B ¥ o

<. 5CALED GUTTER SURFAGE, ROAD SECTION, CORE K,
K 4.14 °% AIR, STATION 10 + 8. SOUTH MEDIAN CURB,
GRAVEL AGGREGATE.

i

8. UNSCALED WEST APPROACH TO BRIDGE, 8. SCALED GUTTER OF PICTURE I AND
M  GRAVEL AGGREGATE. L ADJACENT UNSCALED SLAB, GRAVEL
AGGREGATE, ROAD SECTION, CORE L,
2.97 % AIR.
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1. Most of the excessive scaling has developed on the sidewalk-curb face and
top and sides of the dividing strips, with lesser amounts on the deck sur-
faces, Further, the scale pattern along each element is sporadic, rather
than continuous, which would indicate a varlance in concrete quality and
thus durability, This pattern has been developed in an accelerated manner
by the salt applied during de-icing operations in 1940-50,

2. In general, scaling and concrete disintegration followed this pattern:
a, Large and small aggregate pop-outs widely distributed over large areas,
b, In localized areas, pitting highly concentrated, resulting in an advanced
stage of disintegration, as shown in Figures ZB and 2F, This phenomenon

has been ohserved on other air-entrained concrete surfaces and is a dif-
ferent form of failure from that encountered in non-air-entrained concrete.

c, Geneyal disintegration of the mortar around the coarse aggregate, as
shown in Figure 2G.

d., Flaking off of thin mortar film used in final corditioning and repair
of irregular or honey-combed surfaces. See Figures 20 and 2H,

3. Structural and hair cracks were found in certain deck and sidewalk pours,
Extensive map cracking has developed in sidewalk pour E, 3See Figures 1 and
2A, Longitudinal cracks also appear in vours 51, 58, 66, and 62 on north
walk: gee Figure 1. It is believed that this type of cracking is due %o
the hollow tile construction in the walk secitioens, The %transverse cracks
in pours 28, 29, and 30 are obviously structural cracks,

4, With but one exception, no scaling has occurred o date on the approach and
road sections which were construcied entirely with gravel aggregates and the
same alr-entraining cement, The exception is shown in Figures 2K and 2L,

In this ecase, the gutter surface has scaled, exposing coarse aggregates, but
the balance of the curb has not scaled. The air content of a core taken from
the curb apron section {Core K) was found to be 4,14 percent.

Core Study

In all, ten cores were taken from different locations in the deck, divider
strive, and sidewalks, They were selected from gcaled and unscaled sectiohs of con-
crete, Their loeation is shown in Figure 1, The air contentlof the concretle was
determined from the cores by the Camera Iucida me thod, after which the core segments
were subjected to 65 cycles of freezing and thawing in watar, Data from the studies
are presenied in Table I, Pictures of the cores after removal from the freezing and
thawing test are shown in Figure 3. FPlease note that the smooth solid portion at the

bottom of the cores 1s the original cavping mortar, which was not removed at the

beginning of the testis,
s



Core

TABLE 1

 SUMMARY OF DATA ¥ROM CORE STUDY

Percent
Entrained Air
in cores by

Weight Change, Grams

Core Condition Camera Iucida at 65 Cycles Freeze
ILetter Location . of Concrete (Ave, 4 Readines) and Thaw Percent Loss
SCALED CORCRETE

B 11420 57 R Badly scaled pavement 1,96 92 5,08
5% south of center curb

¢ 9+16 North side of center curd 1,90 248 6.86
scaled on top and side

B South side of center curb 1.70 112 3,60
scaled on top and side

£ Sl RBadly scaled arsa of south 1,31 404 13.00
sidewalk

X 10+23 Scaled area of curb apron b, 14 iy 1.32

UNSCALED CONCRETE
A 11+40 in north Map-cracking over nerth 1,70 8L 1,5@
sidewalk of B2 sidewalk, No scale

D &+63 South side of center curb - 2,78 23 0,66
unscaled section

F 5+13 Unscaled section of pavement 3.27 26 0,91

H 5+88 Unscaled pavement 6! north 2,49 39 1.5
of south sidewalk

L 10423 Unscaled section of pavement 2,97 8 0,27

6% south of center curdb




The core study has also brought out several interesting facts, They are:

1., The air determination values shown in Table I indicate a lack of uniformity
in air content of the concrete throughout the superstructure,

2, With one exception, the air content in the unsecaled cores was on the low
gide of gpecification requirements, even though we take into account the
fact that such air determinationsg may be as much as 1% percent less than that
of the fresh concrete.* This fact alone may account for a large part of the
scaling in the presence of border-line aggregate and excessive use of salt
for de-~icing purmoses, '

3. With but one exception, scaling in the cored areas was related to the low
air content found in the respective cores, This exception is Core X, which
was taken from gutter surface composed of natural aggregates from Cheney
vpit, Upon further examination i1t was found that the core surface was com-
posed of a highly porous slurry, which evidently had no resistance to salt
attack.

4, Cores from unscaled concrete sections with air contents within specification
requirements showed, with the exception of Core 4, to have high resistance
to freezing and thawing, '

5., With reference %o Figure 3, it may be seen that Cores B, §, B, and G, with
low air content, show failure due to mortar weakness, whereds those cores
with higher air content (p, ¥, H, and L) show agegregate failnre with mortar
intact, Core I was taken from the rcad seciion with natural aggregates and
alr-entraining cement,

6, In connection with Cores A, D, F, and H, and to a certaln extent in Cores
B, C, B, and G, it was observed that the pieces of aggregate which showed -
distress in freering and thawing were those consisting primarily of an
argillacious shzle with a laminated structure,

Construction Information

T@e concrete work on the above-mentioned segments of the strucltures was completed
on Getober 29; 1949: The céntractor was L, A, Davidson., Coarse aggregate was obtained
from the Wallace Stone Company, of Baﬁ Port, The fine aggregate came from Cheney
Gravel Company, near Holt. Both regular and air-entraining Peninsular portland cement

were used in the stiructures,

* A, Klein, D, Pirtz, M., Polivka, "New Methods of Determining Air Content of Hardened
Cénerete,”™ Procsedings, ASTM, V, 50, p., 1283, :

wbe



'| DISINTEGRATION OF COARSE AGGREGATE
\ WALLACE STONE CONCRETE

| , DISINTEGRATION OF MORTAR l
\ WALLACE STONE CONCRETE '

CORE SPECIMENS AFTER 65 CYCLES
OF FREEZING AND THAWING IN WATER

FIGURE 3

NO DISINTEGRATION l
{  NATURAL AGGREGATES |
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Concrete Mixture; When regular cement was used, Darex wasg added to the concrete

mixture at the mixer to produce the desired air content., In all cases a 6B vibrated
concrete mix was sfecified with medium conslstency, in accordance with Design Chart
49 MV-40, Cement content: 5,9 sacks per cubic yard,

Pour Data: A summary of concrete pour information and related construction
data will be found iﬁ Table 11, This material will be studied in relation to scaling

of individual pours.

Weather Conditions: We have heen informed by bridge pérsonnel that bad finishing
on certain deck pours was due to rain which made finishing difficult, The records
gshow that réin occurred during pours listed below in Table III,

TABLE ITI

STUMMARY OF WEATHER CORDITICONS

Weather ,

Date Pour Location AM PM Condition
8-11-49 8 Decle Fair Cloudy - Rain. 10% Scale
9-23-49 28 Deck Cloudy - Rain Cloudy - Rain 6% Scale

10-4 -49 50 Divider Strip Partly cloudy Rain 20% Scale
10-4 -49 4dy Divider Strip Partly clouwdy .- Rain 15% Scale
10~ 49 52 Divider Strip Partly cloudy Rain 10% Scale
10-4 -49 Lé Divider Strip Partly cloudy Rain 30% Scale
10-4 49 22 Deck Partly cloudy Rain 60% Scale
10-21-49 B Deck Cloudy ~ Rain Cloudy 20% Scale

Conerete Flexural Strengzthe: A summary of modulus of rupture sirength data is

presented in Table IV,

The data exemplified two ﬁﬂsé%isfactory conditions; first,

the irregularity in making and breaking beam specimens, and second, lew heam breaks

for periods in excess of seven days.

crete or lack of proper curing of beam gpecimens, or perhaps both,

Alr-Control Checlks:

13 air content checks were made, as shown in Table V,

-8

This latter condition could indicate poor con-

A searech of the records shows that for the entire structure



T4BLE IE

. STMMARY OF GD’.‘WCR.ETI: POVAS AND ASSOCIATE DATA -
MATH STREET BRIIGES UP=l OF 33-6-4, €1 iXD WB-2 OF 33-6-4, €2

-

-

k] Phys! - . Bridge Pryajea) G
Four | Spaz ALr Temp. Tarex Slump FaTcont Dther Sore Ho. { Pour | Spen Adr Tamp, %‘" Slump . Percent Dther Core Yo,
L Date ) Fo, Lgcn L}/ Zrpe L AL Bt 1 Bo, 1 o, Locatien °F, Bxpe {.Addtilve, Inches L AL
8o 3Jalig 3 1 Deck B 7 oF. 2% Bone - - - I 10- B9 | 32 ? Deck 72 -3 8 os. 2 15 - -
* B bt 4 T - 75 B 7 oz, 2. 1 T e - 1 10= 8k 63 8 Div, Strip | - -4 8 ox. 2 10 -- € 1,50
8~ GG 2 1 " 93 ® 7 oz, 3 Bone -- - i 10- 849 | 65 [ . e . R 8 az, 2 8 -- --a

810449 1 1 . 78 z 7 oz, 3 . - .- ©oi0-12-k9 | 38 1 " 72 E 8 oz, 2 65 -- -

£10-49 7 2 . 9% B 7 o%. 2 . - --- B 10-12-49 | 36 1 " I3 B 8 o5, 2 40 - -

B=11-49 8 2 - ] E 7 oz, 2 10 -~ # 27 10-12-49 | 46 2 . 78 B § oz, ] 75 -- —_—

B15hy | 5 z M & E 7 om. 2 Hane - - - 10-12-49 | 42 2 " 78 B 8 oz, 2 80 . -- E L7,

8153 6 2 - " 8 B 7 ot. 2 1 .- - - 10-13-49 | B 5 ¥alk 40 E 8 oz, 2 7+0n ourbd ¢ -

E-22-49 § 11 3 . 80 i 7 oz, 2 Fone - --- ©o10a13-49 | b3 -3 Valk 60 B 8 oz, z S0eon marh | - - ---

§-22-49 § 15 a - &o B 7 oz, 2 10 - - -—— 10-13-49 | 47 & Yalx &0 B 8 oz, 2 30-o0n curb - -

Bu2uked 9 3 : 52 | 7 o7, 2 Hone - - a- i

13 4 - 78 E ? oz. 2, - 4.9 10-Elb9 55 SA Walk 68 -3 8 oz, z 4mon curb - - --
. . { 10=14=429 é - &8 B 8 o1, z . Z2-on £ure [ N

9- 2-45 | 12 3 M 76 B 7 o3, 2; Fane P.¥, .- . | lo-1s-40 | 3% 2 . - R B oz, 2z 25-8n curb ¢ -

9= 249 | 26 e - 76 B 7 oz, 2 5 -- --- . ©101549.1 35 1- - .- R 8 oz. 2z 25-0n curd - -

9~ 249 | 19 5 - % 2 7 o2, 2 Fone - --- ' ©10-18-49 | 62 8 . e i B 1 1-on surb ¢ JE—

0 E-iD 1% n . &2 5 7 os. L2 5 -~ --- 10-18-49 66 7 = — A -— - 1 Hone c -

9= 69 | 10 3 i &2 R 7 oz. 2 4 -- _H 249 t L 10-19=t5 1 - 72 4 e 2 i - P.F. -

9~ 49 | 17 5 M 52 R 7 oz, ? 1 =-- --- . 10-19-h9 | W1 2 . 2 Fy - 2 b=on curdh [ —

G-37-9 | 29 B . 60 B 7 oz, 2 1 P - 10-20-49 | 45 3 ] - J N R 1424 3-on cutd -- G 1.3

S=20-45 {1 30 4 . 72 R 7 62, 13-2 2 [ .- aghind

2349 | 27 g . 2 kS 7 oz, 2-2% (15 -- - 10-20-45 | 9 i . - I - 12 i-on curb -- -

Gu23-HG 28 8 - 56 3 g B3. s £ ¢ - - 10=20=ks 53 5 - - & - -2 15-an eurd - -

G Dty 21 A = - b3 B oz, T 10 - - --— 16-22-4% 60 6 . 46 o - i=Z — . R

SuZieahis | 25 6 . - B 8 oz. 7 P -- 10-72-49 | 64 8 " 46 A - - 1 1 -- -

10-22-444 éB8 7 " 56 Fy --- 142 3 - - -
23 [ - 86 3 & oz, 2 1 - -—— 7
S-27-49 | 20 5 . 6 R 8 oz, 132 1 - - A M mmcee  UBel of 33-6-%, C1 6H0YE  mmammm o o’
33 7 - - B 8 oz, 2 5 -- --- - . )

Fe29-09 n 7 - 62 B B oz, 2 2 ¢ w - i e ———— TBr2 of J3-6-%, C2 below ——————————

92049 | 25 6 - % B 8 oz, 2 1 P --- .

2-30-4% 18 5 - 70 B 8 oz, 2 -1 -- -=-- 10-14-45% Al Dack 78 a B oz, 2 Hone . - - -
10— 1-45 3 7 . &8 ):3 8 oz, 2 3 -- .- 10-17-45 [4 - el E 8 oz, 132 40 - -a
10- bty § 22 s - 70 R 8 o3, €0 - = --— . 10-28-45 B . — A --- 20 -- B 1.9
10~ 49 | 4b 3 Div, Strip &2 B 8 oz, 2 bz - --- 10-26-49 B " 42 A - 142 : 3 -- -
10« 449 { 86 3 - 62 B 8 oz, 24 30 - - o M- I E| 2 walk 2 A -—- 1 Hone - 41,70
10= 549 56 5 " 78 2 8 oz, 2 20 - --- 10=26=449 g Div, Strip &2 Fy —-a a2 -- -
10- 545 | 52 5 . 78 B 8 oz, 2 10 - --- 10-26-45 g . bz A - 132 2 - -
10- 548 | 48 L . 78 - Y 8 o3, 2 35 -- - 102345 7 Walk - - i - - H l-on curb - - -
10~ 54y 4 5 - 78 2 8 oz, 2 10 - - --- .
10e 749 | 56 S . a0 R 8 oz. 2 10 - - - 22-28-49 [ Bet. Bridges | Curd spren | -~ o -~ - 8 - - K 4.14
10+ 745 | 57 5 - 20 B 5 oz, 2 10 - - - 11-22-48 | Bet. Bridgss | Puvement -- 4 --- - tane - - L .37
10w 745 | 59 6 . - 8o B B oz, 2 10 - - p— :

10- 7-b9 | 61 6 - &0 B § oz, 2 10 .- -
10- 749 | 67 7 . 80 B 8 oz. F Hons [ - - .
1o~ 245 | 697 7 . 80 i € oz, 2 i D278 "
10- 749 | 24 6 Deck » B 3 oz, 1i-24 2 -- -
~
LE6IHT4
T.¥, ®= Poor finishiag - rain H w Peningular Reguinr Cement
G = Cracka : A % Peninsular Alr-ontraining Cement
P & Hainly popoute * 5 Beams !

Pine aggregate - Cheney Saxd throughout = Pield Mr Check
Coares agrregate - ¥allace Stona throughount .



TaBLF IV

SUMMARY OF MODULUS OF RUPTURE DAT.

SUBSTRUCTUKE UEL of 2Z-6ad C)

Peninsuler Cenent, Cheney 2NS Sand, Cheney 84 C. 4,

Serier Date Cenent *7 Duy #28 Day #0ther Curing Periode
No. Molded Fuctor Pour Location Mod. hod. Age Mod. Age  Hod.
Lugks pahs Rl —LsVB  pols Dave pads
1 2~ 849 5.9 4+ 0% Pier 6 Tremie —— —— 9 654 iz 882
2 2-10-49 5.5 Pier 1 Footing o 588 <] 604 [
3 2-16-44 5.5 sbut, A, Footlng T09 530 —— - [T
4 2u23-42 5.5 Pler 8, Footing B,C,D _— 592 5 892 ———
& B 4ud9 5.8 Pier 6, Bare G 599 —— —— —_— —— e
6 Broken accidentally
? 4- 4-49 5.9 + 10% Pier 5, 54, lremie "1’62 800 - -_— —— e
8 4-12-49 5.5 Pier &, £A, Footing 450 583 -_— — [N
2 4-15-489 5.5 Pier §, Base #all i 658 9 538 U —
12 5-14-49 5.9 + 10% Fler 4, Tremie — - 5 4350 £ 458
15 5-18-59 5.0 + 10% Pier 7, Tremie 497 — — — [V
15 5-24-49 5.5 Pier 4, Footing . ——— 715 i6 616 —— -
18 6~ 9-42 5.5 Pler 7, Basewall G 829 656 ——— e —
174 §-10-49 5.8 Abut. B, Footing B, F _581 855 el eem — -
Ave.605 860

SUBSTRUCIURE UBR of 33-6-4 C1

234 9-15-49 5.8 Abut. A, Footing — — 8 497 35 536

SUBSTRUCTURE UB1 of 33-6-4 C1

Peninsuler Cement, Cheney 2 NE Sand and Wallece Btene 6B C. 4.

10 4-25-49 5.5 Pier 2, Col, and Girder B&91 — —_— - —— —

11 §~ 5-49 5.£ Abut, A, wall 475 746 _— — [

14 5-20~49 9.5 Pier 5, Col. & Girder - —— 20 B84 28  TOOQ

18 6-18-40 5.5 Pler 4, Col. & Girder o —— 2 601 33 T4b

19 7-27-43 5.5 Abut, B, Wingeall 555 e 35 766 -— -
Ave. 540 746

SUBSTRUCTUKE UB2 of 32Z-6-4 C1

22 G- 1490 5.8 Abut. B, hall -— —_— 15 450 E 3l 89l

DECK ~ Bl of #%-6-4 Cl

Peninsuler Cement, Cheney 2NS Sund, Wallcce Stone C. 4.

20 4 B 4-4% 5.9 Span 1, Pour 4 — B804 1z 610 —— e
21 A Bek4-49 5.9 Span 4, Pour 1% 508 — 300 872 e
20 A 9-17-49 5.9 Bpan 8, Pour 29 —-— —— 18 B840 ——— —
243 9-17-49 5.9 Spen 8, Pour 29 — — 88 475 U,
T 2B A 9-26-49 5.9 Span 6, Pour 2 o — B 5l . - e
25 B 9.26-49 5.9 Spun 8, Pour 3 —— —— 24 47T — -
26 4 9-30-49 5.9 Spun B, Pour %6 — — 20 496 — -
26 B 9-%0-49 5.9 Spen 6, Pour 26 e — 35 809 —_— -
hve, EO8 BG4

#Aiverage 2 breaks on & single beanm,

-i'Ow



TABLE V

SUMMARY OF AIR CHECKS
BRIDGES AND APPROACHES

For 1949
Date Location *Air Content
Feb, 7, 1949 Substructure ., **1,3 R,5,F., Tremie
Feb, 8, 1949 Substructure 4,1 R,8.F,
Feb, 9, 1949 Substructure ¥%%1 .6 R,.5.F, Tremie
Feb, 16,.1949 Substructure b4 R,S,F,
Feb, 25,,1949 Substructure 5.1 R.5,F,
Mar, 2, 1649 Substructure 3.8 R,8,F,
Mar, 14, 1949 Subsiructure 5.5 R.5,.F
Apr. 7, 1949 Substructure 2,7 - 5,3 R.S.F
Apr, 25, 1949 Substructure &,3 R,8.¥F
May 13, 1949 Substructure 4,.3:R.5.F,
July 25, 1949 Substructure 4,0 B.S,F,
Aug, 24, 1949 Deck 4,9 R,5.F,
Sep, 22, 1949 Substrueture 2.9 - 3,6 R,P,D.

Oct.17, 1949 Pavement under B, sta, 23+60 3.9 R,F.D
Oct. 19, 1949  Pavement under Bo, sta, 33+00 4.1 R, P.D.
Nov,.16, 1949 West approach ramp, sta, 2+75 6.5 R,F.D

*  Average of several determinations
*¥*%  Senl Coat Pier #i- Regular cement
2E%E Ppepies=Piér #6 - Regular cement

S



The substructure required 66 pouring days to complete and, during this work,
12 air checké were made, In the case of the superstructure, the 77 listed poufs
were completed in 39 pouring days with one air check, Records show that one air check
was made on approaches and curbs in 1949, and that was on the Main Street west ap-
proach ramp,

Clearly, this number of air checks in either case is not adequate to assure
vniformity of air content.l For example, the alr content on April 7 and September 22
was below specification limits when checked, Since the previous checks were from
three to four weeks prior to this time, there is no telling just how long this value
2,9 air conitent prevailed,

Addition of Alr-fniraining Apents to foncrete Mixture: Darex was added to the

sand in the weigh hopper through a semi-auntomatic digpenser in which the ligquid was
sutomatically weighed but manually discharged. The practice of adding alr-entraining
agent to the sand is not in keeping with specification requirements,

On this proJject it was observed by our inspectlors that a. sediment collected in
the discharge spout of the Darex dispenser and paritially clogged the opening, Fur-
thermore, the discharge from this particular dispeaser was reporied to be slow and i%
is a matter of record that, in some instances, complete emptying did not take place
for each batch,

EBvidently such factors as these could materially influence the air content of the
regpective pours,

Vibration of Concrete in Superstructure: Although we have discussed this point

with the project engineer, we were unable to unearth any factual information as to the
character of the vibration technique employed on the structure and what possibie in-
fluence it might have had on the subsequent scaling of the concrete., However, we are
fully aware from obssrving vibration operations on other bridge structures that im-
proper vibration technique resulis in segregation of the aggregates, KLxamples of

vibrated concrete in bridge deck are shown in Figure 4,

~12-



A VIBRATION OF CONCRETE IN FORMS PARTIALLY
FILLED. NOTE SOUPY CONCRETE APPEARING AROUND
VIBRATOR. SS Bl OF 33-7-9, 4

L o,

A SAME LOCATION BUT FORMS COMPLETELY
FILLED AND VIBRATION OF CONCRETE COMPLETE.

FIGURE 4. VIBRATION OF CONGCRETE IN A BRIDGE DECK
_13_




Summary of Construciion Factors: The most significant facts brought out by the

study of construction practices are:

1. Less scaling has occeurred cn the poufs made with air-entraining cement than
on those containing regular cement with Darex added.

2, Lack of sufficient air checks to insure uniform control.

3. Possible construction factors contributing to non-uniform durability are:
a} rain before completion of finishing operations; b) uncertainty of uni-
form gquantities of air-entraining agent added to the batch; and c¢) vibra-

tion technigue, - :

Miscellaneous Laborateory Studies

Several laboratory studies were made in order to discover further clues if
poseible. Some of these studies, although relatively limited in scope, have given
significant indications of possibie éatses for the premature scaling observed 6n
portions of the two bridges.

The Cement Content of Limestone Concrete: It can be seen from Figure 5 that

the mortar in a natural gravel concrete is much richer in cement than a corresponding
morfar in limestone mix, The two sets of curves in the figure were plotted from the
two mortar voids charts actually used on the Main Street bridges., The cement con-
tent of the grade A medium consistency concrefe, using Bay Port limestone 6B for the
bridge decks, was 5,9 sacks per cublc yard, but this compares with a mix of only

5.1 sacks per cubic yard in a Cheney 64 concreté to produce the same cement-mortar
ratio, This difference in moritar richness isg true with all 100-percent crushed
coarse aggregates, although not necessarily to the same extent., The differeﬁce in
mortar richness is due to the lower unit weight for crushed coarse aggregates and

the fact that more mortar is needed for worﬁability. The water-cement ratio is also
higher for the limestone concretes, .$he Wallace stone concrete should have abouf

an extra 3/@ sack of cement per cubic yard to bring the mortar pé to a richnesg equal
to that of the Cheney grawvel concrete,
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WATER CEMENT

RATIO

CEMENT ' GAL. PER By
CONTENT SACK wT.

7.0 6.10 0.54

8.5 5.65 0.50
a
e LIMESTONE
o
(&)
b
0.6.0 5.19 0.46
(7]
x
J
o
['4)

5.8% 4.74 0.42

GRAVEL |
5.0 - l
0.14 . o.e 0.18 0.20 0.22

VOLUME FRACTION OF CEMENT IN MORTAR

i

BAYPORT 68 LIMESTONE - CHART 49 MV-40
CHENEY 6A GRAVEL - CHART 49 MV-14

FIGURE 5. CEMENT CONTENT AND WATER CEMENT RATIO,
LIMESTONE VS GRAVEL CONCRETE



Souridness Tests on Wallace Stone: Table VI represents a complete listing of all

sulfate soundness tests run on sampnles of cruched limestone from the Wallace stone
quarry. The average of all tests run since June 22, 1950, when the bridge spans were
completed, is 12,5 percent, which exceeds the specifieation maximum of 12 percent.

No soundness tests were run on the Wallace aggregate just prior to thé beginning of
construction on the Méin Street spans, Tests run in 1939 and before indicate the
doubtful mtatus of Wallace stone, HRecords show, howsver, that Wallace Bay Port was
approved for use by the Bureau of Public Roads, even though soundness loss ran be-
tween 10 and 19 perqent,

Use of De-Icing Salts on Bridge: By a directive from Mr, B, R, Downey, Main-

tenance Engineer, the city of lansing was instructed to use only calcium chloride
and sand on the Main Streét bridges., According to Mr, Glenn Mans, City Engineer,
chloriding for 1949 started November 15, but none was used on the Main Street Bridge
before it was opened fo itraffic,

‘Main Street was opened to traffic on Decembher 7, 1949, and the first application
of chloride and sand was about one week later and in considerable amounts, With
reference to Table II, it may be noted that the concrete in the divider strips, walks,
and some deck sections were two moniths or less ingagE'WhQn'the chloride treat-.

ments were applied,

Bffect of Limestone Agsresates on Air Content: Special laboratory tests were
made to determine whether or not limestone aggregates tended‘to act as a depressant,
and thus lower the air content of concrete mixtures in which they were included, es-
pecially if the air content was low %o start with., To this end, four limestone
materials were selected %o compare with a natural aggregate. All factors were kept
constant except for the source and type of coarse agéregate. _The study revealed

that the four limestones used had no depressing action, In fact, they seemed to
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TABLE VI

SUMMARY OF SOUNINESS TESTS ON WALLACE AGGREGATE

Date Ho. Samples Soundness Remarks
4m 6 ~29 6 Ledge Rock 4 failed - 2 passed MSED
3-8 =30 22 Ledge Rock " ——— Yo soundness reported
7-12-34% 11 Ledge Rock Sound MSHD -
3-22-3% 7 Ledge Rock 3 failed - 4 passed MSHD
8-15-38 LA — 104 18.7 Burean of Public Roads
8-9 38 Stock pile 44 Passes test , R, W, Hunt Co.
Bu=27-38 14 Ledge Rock 8 failed-4 passed-2 guestionable MSHD
1l2-1 =38 15 Ledge Rock 10 failed-1 passed-4 questionable MSHD
6-14-38 BAT 1,67 Considered failed by MSHD due
6-14-38 LA 2,01 to split, cracked and flaked
particles
. 8-30-39 4a - 104 9.8 Bureau of Public Roads
5 8-30-39 ha - 10A 9.8 Burean of Public Roads
t 12~ G =39 44 - 10A 17.2 Bureau of Public Eozds
6-19-46 20 samples 1-v( 2,24 ( . :
6-28-46 Ledge Rock 1-5( 6.36 (Meets specification
§-16-46 v-z( 5,15 :
1-8 47 e 7.373 Meets specification soundness
6-22-50 68 ™ 13.19 MSHD '
5-10-51 6B 16,909 ¥MSHD
H=12-51 “hA 11.30 MSHD
6-20-51 104 12,78 MSHD
7.2 =51 104 11,64 MSHD _
9~18~51 4A~6A~T04. 15,98 North strivped face MSHD
G=18-51 104 10.64 South face MSHD
0-18-51 104 12.38 West face MSHD
Q-22-51 104 11,13 West face MSHD
10-1 -51 44 and 10A 8.36° West face MSHD
10-4 51 104 12,22 West face MSHD
10-5 51 104 11,91 West face MSHD
10-10-51 104~6A 14,50 Research laboratory




cauge a slight increase in air contentiover that of the natural aggregate., The
results of the study are given in Table VII, Monon stone zave the greatest increase
in air content, apparently due to peiroleum in and on the stone particles.

Approaches %o Main Street Bridee

In regard to the question as to why the bvetter durability of the concrete
in the approaches as compared to that in the bridge structure, the following con-
struction difference must be taken into consideration:
1, The approaches were consiructed as a concrete pavement slab with all asso—
ciated controls and congtruction procedure which allow for better concrete
guch as lower slump, vibration only at edges and joints, less handling of

mixture, better control of mixing process and finishing,

2, HNatural aggregates well within the soundness requirements were used in the
approaches,

3, The cement-mortar ratio of the concrete used in the approaches was consid-
erably higher than that in the bridge structure,

Concluding Statement

On the basis of this study, it ig believed that the premature sealing on the
Main Sireet Bridge is the resull of several factors acting singly and - together,
namely:

1. ?ariable air cdatent of the concrete,

2, The presence of a high percentage of non-durable coarse aggregaie piecew,

3. The failure of thin mortar films and peointing miziures to withstand sals%
action, '

4, The early application of de-icing salts to the surface in the fall and
winter of 1949.

5. OConcrete of variable quality resulting from construction irregularities,

6. Leaner mortars of limestone mixtures, compared to those for natural aggre-
gates, =

=18-



TABLE VII

Source of Aggregate Slump Air Content
‘ inches percent
American Aggregate, Green Oak 13 Ch,1
American Aggregate, Green Oak 24 k.0
Wallace Stone, Bay Port 3% 4,95
Inland Lime and Sténe, Port Inland 2 5.5
Monon, Indiana 2L 6.25
E, P, Brady, Millersburg (Big Cut Pit) 2% 5.0

Mix Design

Coarse aggregate made to average 6A grading

5.5 sacks cement, Peerless Regular Cement

.01 percent NVX for alir-entrainment

b/b, = 0.76

RwWC

1,15 for 2-3 inch slump

- F.A,

Boichot 2N5, sp. gr. 2,68, absorption 0,81
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