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SYNEPSTS

Thisthesisgivestheresu.ltsofaninvestigation

of reinforced concrete sandwich panels subject

to axial compression on one face only'

Panel height, load bearing thicknesst reinforcement,

and ultímate strength were investígated' Load-

defl-ection characteristics and varíous failure

patterns were also obselwed.

The test results showed- that there was no

marked change in ihe ultimate strength of panels

which had variations in height of from 96 Lo

1M incinesr or variations in height over total 
"

i

thickness ratios of from 12 to ?-7, or variations ;

ín the reinforcement ratío in the load bearing

1:::::::"::::iface of from 1 t'o 2 Lo 3. ;:.i:,:i!:::
:'

': :: r'i'

,,'¡.,,'1t';.,'.

Existing code restrictions and a possible design ::: :

fonmla are also discussed.
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I. OBJEUI

The object of this thesis is to i-nvestignte

the load bearing properties of reinforced ' :.:
,i ;.t,li.

concrete sandi¿ich panels r,¿ith va.riations in

height, bearing thickness, and' reinforcement.

It was decj_ded to use heights of 8, 10 and 
i:j,,i,t:

12 feet, beari-ng thicknesses of ?- znd- 1, inches , :;:;:L'':;

and to vary the reinforcement i n the load bearing 
l,f.lt

face in a ratio of 1 Lo ?- t'o 3. The panels

r¡ere desi gned by the author in conjunction r¡ith

Professor H. Lazar, Professor of Civil Engineering,

University of Þlanitobal and. r¡ere precast by

Super:crete Co. Ltd. at thei:: St. Bonif¿ce plant

(pl*te 1 ). they were then deliverecl to the

University of Ì''ianitoba., r¡here they were tested 
'

to destruction.

it,,,.,

)::ti:i'ì I
ii:.';j::ì



rr. I'I4IS¡IALS

2.1 Panels

Ten different groups of panels were designed

with variations in height, bearing thickness

and reinforcerneni ratio. In order to have some

comparison among the groups, themselves, it

r'¡as decided- to nake three panels of eaeh groupt

i,ihich resulted in a total of thirty panels.

The panels are ::eferred to by a series of two

numbers, The first number relates to the panel

group and the second number relates to the order

in r,rhich it i¡as tested.

GROUP ffiIGHT BEARING TIIICKNESS FEIIIFO]ìCE]-ßNT
No. (¡'nat) (riticms)

112
212
310
/, 10
510
610
7 10
I 10
98
10 B

RATIO

l{in
I'lin

3XMin
2 X ivlin

Min
3 X l,tin
2XMin

Min
þfin
ivün

/̂-

4
lr
lr
l-
?
2
¿
2.

l.

Each panel had an outside, non-load bearing face

2



of 1à inches and an inside core of 2 inches

of ilAerofoanrt insulation. This gave an overall

panel thickness of 5l or 7È ínches' The width

of each panel was held constant at' 12 inches'

2.2 Concret'e

Four thousand psi minimum concrete was ordered

for a1l ¡ranels and a standard test cylinder was

cast for each panel' Both the panels and the

cylinders were air cured. Each cylinder r'¡as

tested along r.¡ith its corresponciing panel'

The actual average cylinder strength of al-l

the panels was 6o5o Psi.

2.3 Reinforcenent

. : r' :ìt::.
The reinforcement used was welded r,¡ire mesh of 

,,,::.,:, ,
/, X /* /u/L ana /, x /, 8/8, giving steel areas

of 0.120 and. 0.062 square inches, respectively'

The 4 X 4 8/8 was used as minimurn steel in
!t!.i.: :i,::l

both the Joad bearing and non-load be¿ring faces. [iì1:fi

Combinations of the tr,¡o meshes were then used

3
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to give one, ti,ro, and three times ihe minimum

amount of steel- in the load bearíng face.

t.'.rtt:ri,

2.4 Shear Connectors

The shear connectors used in all panels were

designed solely for the purpose of carrying the

weight of the non-bearing face should total

delamination occur. Each panel had three pieces

of #9 wire frorn the center of the non-bearing

face to the center of the load bearing face.

These three pieces of wíre v¡ere situated at

the center of the panel and at the top and

bottom, 6 inches Ín from each edge.

2.5 Insulation

lwo inches of rrAerofoamrr insulation was used

as the core material ín all of 'l;he panels.

Both ttStyrofoamrr and rr.{erofoamrr are trade nalnes

for polyst¡rrene bead board. rrSt;rrofoamrr ís

a product of Dow Chemical of Canada Ltd., while

ilAerofoamrr Ís a product of -A.erofoam Chemicals

l¡ì:i',.:j,!¡Ì

4



Ltd.. The raw materials in both products are

essentially the same but the nanufacturing tech-

niques are dj-fferent. Polystyrene beads, in

the form of a foa:nr are extrrrded through a

nozøIe and expand on contact r¡ith the air, in

the production of |tStyrofoam'r. rtAerofoamrr is

produced in a mold, where the polystyrene beads

ercpand ln the presence of stealnr and are fused

together. rrst¡rofoamtr has a more honeycomb

type stmctu.re than trAerofoamrr, vlhich allot*s

deeper penetration of the concrete and results

in a better and more uniform bond than with

llAerofoamll .

5



: . -'.r :r' - :: .'i...¿t:¿?j);yt-;:;-:l¿.¿;j4í!rli.

T I I . .TESTS_QN-J.NSUL4T]-97

Comparative eompression, tensíIe, and shear

tests Ìlere run on both tfAerofoatntr and |tSt)rrofoamrr

The samples uere then cast between two layers of

1000 psi concrete, into r,rhích two 9 inch lengths

of ll4 bar had been imbedded. The samples l.rere

then placed. in the 1001000 lb. testing machine

insulation, the results of r'¡hich can be seen

/l-n I l_gs. I ro o.

1.1 Compression Test

l':..-,:,,: _,:
[.: :: : :ir,:

Four samples of each, rrstyrofoamrr and rrAerofoamtrr

were cut to dimensions of 6 X 6 X 2 inches.

The samples l¡Iere then tested. to their approx-

imate yield points in a J00r0OO lb. testing

machine. The results were plotted on a stress-

strain curve (rig. 1).

3.2 Tension Test

, j,, ¡:],:,,,ti.
li..,'.,'.:1¡,

Four s4nples of each trstyrofoam and 'tAerofoam[, ¡i..r-,',
,l;.,,,.:,,rt'

were cut to dirnensions of 6 X 6 X 2 inches.

:,r::':ri:.''l¡J !:':,

i:: r-.:. r.-.
i_ .- Ì

6



and testecl to

were plotted.

failure (plate 2). The results

on a stress-strain cur\¡e (fig. z) "

3.3 Shear lest

Two pieces of each, trstyrofoamtr and rrAerofoamrrr

were cut to dlrnensions of 12 N 12 X 1, 12 N 12 N 2,

and 1 2 X 12 X 3 inches. Two pieces of the same

thickness i.¡ere then cast betr,reen alternate

l¿f,ers of 3OOO psi concrete. (There r+ere

intencled- to be three tests on each insulati-ont

but the 3 ineh thick sample of tfAerofoamrt

delaminated when stripping the forms. There

l¡ras no apparent reason fo:: the dela-mination'

This left only two samples of the ttAerofoamrt')

The sa:nples were then ¡rlacecl edgewise in the

3O0'0OO lb. testing mach5-ne (plate 3) and, r¿ith

the two outside layers of concrete being supportedt

the middle layer of concrete was loaded until

the sample failecì. The results of these tests

were plotted for both total and unÍt stress-

strain relationships (figs. 3 to 6).

7
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IV. IE$TING -4ÎlAEA',iUS AND PROqEUURE

/n.1 Testing ÄPParatus

The panels r^Iere tested in a testing frame with

a 2OOr00O lb. hydraulic jack and pressure guage

to appty the load. The jack and pressure guage

ruere cal-ibrated. against a 2O0r000 1b. universal

testing machS-ne, the results of r+hich can be

seen in fi;g. 7. the testing frarne had a fixed

WF beam, against which i;he top of the pa.nels

r^rere loaded., anrl a movable i¡lF bean r,¡hich sat

on the hyrl.raulic jack. The apparatus can be

seen in fig. 8.

/*.2 Testing Procedure

The movable I,,¡'F ben-m r"ras placed on top of the

hyciraulic jack and., in orcLe:: to facílitate

loading the panel into the fr¿me, it was rigidly

fixeci to the frame by means of two angle i::ons

and four C - clanips. A pieee of t/8 inch hard-

board, cut the length of the l¡l}' beam and ap-

proxS-mately I inch wider than the loacl bearing

14



.l:t,.'',

'':: )

I .i:..r:1

face, llas then clamped to the Wir bean, clirectly

over its center. The panels were then ii-l-ted

into r;he frame (nanually for the I and 10

foot panels, and r'¡ith the aid of a hydraulic

fork I ift for ',,he 12 f oot panels (plate zu) ) '

The panels were placed so as to have the center

of the load bearing face as close as possible

over the center of the hydraúlic iack and

lrardboard. This '¡as done by marking the center

of the movable t^lF bea¡n wiih a felt pen and then

leveling the r¡JF beam afong its lengì;h and i^¡idth

before clamping j.t to the test fraÍìe' An íd'ent-

ícal piece of hardL¡oard uas placed ai the top

of the panel, on the load bearing face¡ and

the rnova'ol-e 1^ß- bea¡n was unclaml:ed frorn the test

frame. The panel r¡as then levelecL vertically

along its length and' thickness r¿ith a 3 fooL

carpenterts level, and the jack r'ras pumped up

so tha.t the panel was iust bearing on the top

píece of hardboard..

Six diat guagesr each reading to 0.001 inchest

i.lere placed. on ihe panel. One guage each, r'ras

. : 
tt.tt.l

',, tì
.,. ;:,. Ij: -'r 'll

15
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::::ri 1

placed at the top and bottom of both faces, 6

inches in from each edge. The other two were

placed at the center of eaeh face. The guages

were rigidly attached to the frame with nagnetic

bases so that they would not move during the

test itself (plate 5). They rrere then zeroed

and the test started.

The panel was loaded until the hydraulic pressure

guage reached its first reaùing of {00 psi,

or an actual load of 10 kips. All guages l¡ere

read and. the findings recorded. the load. was

increased in increments of 200 psi on the

hydraulic pressure guager or a little over

/* kips of actual Ioad, until it appeared that

failure r,¡as inminent. At this point the guages

I'rere removed and the panel r¿as loaded until it
failed.

A graph of centerline Lateral deflection versus

stress on the load bearing face was drar¡n for

each panel tested. The graphs ÏÍere set up such

that if the load bearing face deflected inwards,

16
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'-:'-]

toi.¡ard.s the non-load bearj-ng face, the graph

r,¡ould run firom left to right. The graphs run

fronr right to left if the load bea.ring face

deflected ouiw¿rds, away from the non-load bea.ring

face. The centerline delaminalion of the panel

is also shor^m on the ggaphs. The plus sign

índicates an actual separation of the core from

the load bearing face and the minus sign índieates

an actual compression of the rrAerofos.mtr center

core.

17
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V. PREDICT]ON-QT'-IOÁD CARRYINq ABÏLIT]ES

Since load bearing sandr,rich panels are a re1-

atívely neu¡ innov¿tion in the Canadian-American

constn:etion field, there are very feli publications

avai]able which deal wÍth their behaviour"

The ACI Publícation SP - 11, Symposiurn on

Precast Concrete WaIl Panels1, pr"sents the

fo11owíng:

rfPrecast waIl panels used as bearing wa1ls or

col-urnns loaded in plane of panel-The allowab] e

direct cornpressive stress in the concrete for

concentrÍc londs, ba.sed. on r,¡orking stress design,

should not exceed the following for normal

weight eoncrete:

., ' '. ....];. --....]

l
between

f'" I
L

distance

(in. ¡

thickness

Fa = 0'2

i"¡hefe h = Height or

supports

Effeetiveand t^ =E of prec¿st wal-l (in")tl

stated, this formula was not intended

h)
("put)

20
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for s¿ndwieh panels but rather for load bea-ring

walls. Since this thesis deals i^'i-th the load

bearing abilities of sandt^¡ich panels, it was

decid,ed to apply the formula to the panels tested.

The panels in question r"ere loaded on one face

on1y. Using the thickness of the load bearing

face, as t. in the formula, will result in a

__L
negative F. for te ratios greater than 40.

h_
The te ratios, for all the pe.nels r'rith 2

inch load bearing faces, are greater than 40.

The results of using the thickness of tlre loacl

bearing face as t" in the formula are given

in Table 1. il more meaningfull- Fa results if

the entire thiekness of the panel is used as

t", or if the entire concrete thickness is

used as t". These resu1ts are also shown in

Table 1.

Dr. E. Krynicki, as part of this overall study

sponsored by the Canadian Prestresserl Concrete

Institute, prepared an unpublished paper at the

Universi-ty of Manitoba, on theoretical equations

for the critical load on sandwich panels. I-lis

21



equations l"Jere based on panels having the same

thickness for the bearing and non-bea.ring faces.

Since the test panels used did not have the same

thickness for the bearing and non-bearing faces,

some changes had to be made in the equation.

His equation reads:

_JpÐ,z_p s
P." = sfTnrTz D

D - l*:w
(c*t)2 

ûc(: - ^ a:'u - v .'

V = Poisson rati-o

I = length or height of panel (in. )

ts = Bending stiffness of panel

G^ = iviodulus of rigidity of core
c

c = core thickness (in. )

t = face thickness (in. )

in r.¡hich:

P"r = critical load Per inch of wid.th (t<ips/in. )

bending stiffness B were

J. Plantemars book, Sandr^¡ich

Equations for the

found in Frederik

22



Construction2. These l{ere:

Bc = å 81, t(c * t)2

Rt = t/12 ErL3

Bt=8" *ZBf

wh.ere Ef = l'{odulus of elasticit}r of

faces

Bf1 = 1/1?- Er

ut, = 1/12 Ef

Bc = 1/8 Er

-rt2' u1v?-

+ )Ct22 +

*tz3*t1

core

face

total

the concrete

face of

face of

+ JaLf

core

thickness

thickness

+ ZCLIbZ

These equations i,iere also based on panels having

the same thickness for bearing and non-bearing

faces. the au'bhor, in conjunction with Dr.

A. l,l. Lânsdown, I{earl of the De-pt. of Civil

Ëngineering, University of lvlanitob¿, modifiecl

these equations so that they r^rould be applicable

to panels in which the bea.ríng and non-bearing

thicknesses i¡rere not the samer The ri.erivation

is simply an extension of that used in the book2

and' the folloraing equa'bions resul-t:

.)
L)
u1

.)
L)
tJ2

þ,'",
n L13

t1

L?

nnZt4v tr1

,rl

23



tlpon substitution of tn = t., = trt¿

equation becomes:

the preceding

t(c *

Bo+r1

n -lu-2

Bt=Bc

Er.

+

t)2

Ut, total

i

' a:. i;::

: ::i

- ': : E = w1.5 33 rrc psi

for normal weight eoncrete this becomes,

E = 57./+ ftc ksi

The value of Poisson4 ratio used was 0.15.

Poisson ratios of 0.1 and 0.2 rn¡ere also used

in the equation to see what effect the change

.. _., ,:.1

also

The modulus of rigidity of the core, G"r was

obtained from tests descrj_bed Ín sect. l.J. From

the graph fig. l*, G" is approximately equal

to 0./+5/* ksi.

/l'' . t'\'C+\ z I õ
s becomes -F- 

*"

The equation.

the concrete

sect. 1102 a3

for the rnodulus

faces, E¡r came

, which states¡

of elasticity of

fron ACI 318 - 63

2l+



woul.d have on the fÍnal f""r r+her" f"" = P", /t¡.

The change in f",. for V from 0.1 to 0.2 was less

than 6 psi in all cases.

The value of n used was 1.
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PANEL STEEL }IEIGHT TI{ICKNIÌSS
RATIO (1n) B!ÌAli. TOTAI

(tn) (in)

ìt 
.:rji 

ì:'

9-1 Min
9-2 Min
9-3 Min

10- 1 I'lin
10- 2 Mln
10- 3 Min

8-1 Mln
8-2 Min
8-3 Mln

5 -11 ltltn
5 -12. I'fln
5-2 lfin
5-3 Min

96
96
96

q6

96
YO

120
120
120

120
120
120
120

120
120
120

120
120
120

120
120
120

120
120
120

1U
1U
1 l,l*

1A /,

141+

1 l,l,

I

Table 1

ftc fult fult h

(psl) (psi ) ft" tbear'

t\)
O)

2
2
a

/,

2
2

4
/-
/,
l-

2

2

l-
t,
L

2
?.

2

L
l-

2
2
2

I,
l-

5.5
5.5
<Ã

7.5
7..5
7.5

5.5
5.5
5.5

7.5
nÊ
7.5
nÊ,

5.5
5.5
5,5

dÊ

7.5
7.5

5.5
5.5
5.5

4É

't.5
't.5

5-5
5.5
ÊÊ

7.5
't.5
7.5

't-1
?-2
7 -'3
/r.: 1

/+-2
l--3
6-1
6-2
6-3
3-1
2-)
3-)

6/,/ro
5360
57Lo

5800
t"J85
6150

53?o
'/910
581 0

72?o
7220
7.360
7t*)o

5tr50
59So
7505

59SO

5630
5660

5200
6Jt,o
/r1.55

1,070
5/,BO
8060

4)n Ê,

6975
6090

7150
5?75

5275

2Xl'ltn
2ïMln
2Xì,11n

2XMln
2XMln
2F,Íln

l)G,fln
3XMtn
3n{ln

3XMln
3)04in
lXlMln

2?65
2350
?-o15

2685
3505
3',t65

2770
2855
21 00

3850
3635
I,090
7885

2350
2680
21 80

?885
2275
377-o

3975
)560
1180

2030
r'10Ã

2.935

2r15
2680
26fJ0

3/*2O
3850
3805

2¡it

./-38

.351

' .Ä63
.798
.612

.521

.360

.)62

.533

..510

.555

.389

.1,11

./r/t8

.?"9O

.lrq?
.lrol*
.656

.76ilr

.562

.?_65

't'g|
.400
.363

.L77

.,38/,

.l,lro

- .l+'l$
.?)o
.721

'Fa h
bes.r. +(psi) uc

l-8
4ö
lr8

al
?/+

?.1.

60
OU

60

30
30
30
30

.ì:rr":

1-1 Mln
1 - 2 Ì,rln
1 - 3 I'lln

2-1 Mln
? -27 Min
2 -2à Min

ì..r.: tl

- 935
- 780
_ 83L

907
686

.963

-25?.5
-3765
-2760

83lr
Ö) t

tn)
333

-?590
-281,0
-3565

691
6l+9
651,

-?l+70
-?ônÃ
-?-120

l+7O

633
9)1

-51 00
-67/,O
-5880

^d 
t1 Ôûa¿,t.4) t)!'a

?7.L1 ''7?.6
27./-7 777

17./"5 rc62
17.1+5 805
17./,1 112.8

31r.30 1,83

3/,.3O 7?.O

3/r.3Õ, 5?8
:

21.81 1?09
21.81 12A9
21 .81. 12.32

21.81 1?t?

3l+.3O l-95
3t+.3O 5t+3

3t+.)o , 6.91

21.81' 1001
21 .81 gt-7'

21 .81 9tr8

31,.30 /,72.

)t,.3o 575
31.30 LoL

?1 ¡81 681
.?.1 .81 918
21.81 1350

11.2d - s3
L1 .2O -1?_3
t+1 .20 -1O7

.26.?0 1027
?.6.?0 ?57
?.6.20 757

Fe fult h

ÏilÏ; F""on". ttotal

?.60 17.t 5

3.2t, 17 .A\
?.59 17.trs

?.53 1 2.80
1r.35 '1 2. 80
3.3/, 1 2. B0

5.7/r 21 .81
3.96 21.81
3.97 21 .81

3.19 16.00
3.o1 16.00
3.3? 16.00
2.3?- 16. c.0

L.75 21 :81
t,.93 21 .81
).?.o e1.81

2.88 16.00
2.t'l 1ó.oo
3.92. 16.00

8.t*? 21 .81
6.19 21.81
2.92 21.81

2.98, 16.00
?..39 16.00
?.17 16.00

2.6.?_O

2_6.2_O

26.20

3.33 19.20
5.08 19.?.O

5.o2 19.20

6ô
60
60

30
3O
30

60
6c)
6o

3O

30
)o

72

,36
36

36

Fa
total
(ps1 )

fult fo" IxË
Ff'stotal (psi) 'cr

1 180
98lr

105?_

1122-
81,8 I

1189

892
1330
975

1351
1351
1378
139tt '

91t,
1002
1258

1120 -

1o52
1 060

8,7?
1o46
7L6

761
10?6
151o

ùao
100/+

876

1?72
939
939

1.92
2.39
1.91

2.39
1r.13
3.16

3.10
?.15
2.15

?.85
2.69
.2.97
2.0?

2.57
2.67
1.73

2.57
2.16
3.51

1..56
J.l,o
1 .5s

2.67
2.1L
1.91r

I 2a

2.67
3.00

2.6,a
/,. 10

/,.10

1 52_l+

1 517
1 52O

12/-7
1U3
121*8

1 476
1/196
1¿'81

1235
1 rîÃ
1235
1235

1l+7'.7

1L82
11,91,

1230
1229
1229

1 l+'15
11,85

1l-66

1220
1228
1237

1l+28
1¿¿8
1l*39

121 5
1205
1205

1,/,9
1 .55
1,32

388
386
286

2.15
2.51
3. 01

1.88
'I O^

1.1r2
.

3.12
2.93
).3c
2.31r

1.59
1 .81
1./"6

2.3t,
1 .85
3.02

2.69
2.39
0.81

1.66
'1.r8
2.37

1.76
1.85
1.86

2.81
3.19
3.15
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6.1 In¿ividual Panel fnvestigations

Panel 9 - 1

Refer to fig. 9 for dimensions and reinforcementt

and fig. 10 for load-strain characteristics.

As the load was applÍed the panel started

to deflect outwards, so that the outside surface

of the load beari-ng face t^¡as being put into

tension rlue to the lateral defl-ectíon. The

panel started to creep slowly and the applied

load began to drop off slot¡fy as the stress

neared 1.0 ksi. At a stress of 2.0 ksi (i.e.

a load of 4n8 kips), the defl-ection continued

r¡hile the load dropped off by approximately

8.1 kips. It was apparent that faífure was

inminent. The panel h¡as loaded to 5/n kips, or

2"26 ksi stress, at which time the loaciing Ïras

stopped and the paneÌ r¡as obserwed. The deflectj-on

increased for a period of a.bout 15 minutes r.rhile

the load dropped off and remained steady at

!i;ì:i",'ì:Í
lr:v¡i:irr !

27

ar'l:l;-i -: ;.



?,7./+ kÌ:ps, or 1.56 ksi stress. The first cracks

appearecl on the panel during this 15 minute

period. I'our cracks r+ere noticed on the load

bearing face, slightly a.bove the center of the

pane1. The panel was still- cleflectíng sIowIy

r¡hen the last readings nere taken and the guages

removed. The center of.the panel had deflected

more than an inch cluring the 15 ¡rinutes. The

load was then increased very quickly. It reached

d8 kips or ?.0 ksi stress, at r,rhich point the

panel failed by buekling. Delaminatíon of the

load be¿ring face from the center core and non-load

bearing face was visible for about 18 inches

on both sides of the failure crack. The only

crack on the non-load be¿ring face appeareri at

failure, at the center of the panel.

2e
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Panel 9 - 2

Refer to fig. 9 for dimensj-ons and rei-nforcement,

and fig. 1i for load-straín characteristics.

.. ,::..,:',i¡,.¡
': : i':lì:i'ì

Äs the load v¡as applied the- panel started to

deflect outr,rards so that the outside surface

of the l-oad bearíng face was being put into

tensíon due to tbe lateral deflection. The panel

started to creep s1ow1y and the applÍed load

started to drop off slowl-y as the loacl approached

/*/* kips, or 1.80 ksi stress. The loacl was increa.sed

in d kips increments to 52 kips or 2.10 ksi stress,

at which point the loading was s+"opped and the

panel observed. for nore tha.n tr,¡o hours. lìrring

ihis time the l-oad dropped off to /r7,1, kips,

or 1.97 ksi stress, and the panel deflected

approximately 0.11 inches. The loading was

increased first to 5?-./+ kips and then to 56.3 kips,

as the deflection conti-nued to increase.' The

panel was allowed to stand and the load clropped

off to {8./¡ kips in about 10 nir¡rtes" The

defl-ectíon incre¿sed as the load droppecl off.

:.: a\
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The panel uas again loaded Lo 52.1, kips, at which

time the deflection increased very rapidlyt

r^¡hile the load dropped off quickly. The hydraulic

jack was continuousty purnped to try and rnaintain

a load of 52./+ kips, or 2.10 ksi stress, when

'uhe panel broke. A horizontal tension crack

appe¿red 6 inches bel-ow the center of the panel

immed.iately before failurer and the panel broke

at this crack' The non-load bearing face did

not crack through entirely. A separ¿tion of

the ttAerofoamr? and non-load bea.ring face from

the l-oad bearing face r,¡as visible for more than

2 feet on either side of the faiture cra.ck (ptate 6).

ì::tI t;:::: i.
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Panel- 9 - 3

Refer to fig. 9 for dimensions and reinforcement,

and fig.'12 for load-strain characteristics"

As the load r,¡as applied the panel started to

defl-ect lnwards so that the outsid.e surface

of the Load bearing face was be5-ng put into

compression clue to ihe lateral deflection.

Th.e l-oarl was holding fairly steadily but the

center guages started to creep as the applied

load reached ?À, kips, or 1.0 ksi stress. As

the load approached 30 kips, o'r 1.25 ksi stress,

a partial delamination failure occured when the

bottom 3 feet of the panel separated. The non-

l-oad bea::íng face and rfAerofoamtr broke fron

the l-oad bearing face, The load dropped off

to about 27 kips anrl remained steady as the

deflection increased slowly. Ti¿o tension cracks

appeared on the non-load bearing face-one 2

inches below the center and the other 22 inches

¿bove the center. The load. was then increased.

to 40 ki-ps, or 1"67 ksi stress, at r"rhich time

34
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another tensi on crack appearecl on the non-load

bearing face, B inches above tLle cente:r. At

a load of M kips, or 1.83 ksi stress the defleetíon

of the bottom of the non-load bearing face had

increased to the point at which it was being

restrained b;r the bottoni angle iron, which was

clamped to the test frame. The load. Ïras increased

to a littIe more than 4.8 kips, or 2.0 ksi stress,

at which poini the center of the non-load bearing

face was being restrained from further deflection

by the iniclCle angle iron (p1ate 7). The load"

t¡as then reduced to zero and the panel removed

from the test frame. The foad bearing face

shor¡ed no evidenee of cracking throughout the

entire test.

li:. :.f- :
': .:a. : :

t:
i.:r': :. , :

-{:i:::r:: :

1.,:r':l .r'.1 1;
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Panel 10 - 1

Refer to fig. 13 for" dimensions and reinforcement,

and fig. 1/, for load-strain eharacteristics.

As the load was appl-ied the panel started to

deflect outr+ards so that the outsj_de surface

of the load bearing face was being put into

tension due to the lateral- deflection. The

load held well up until 6Z* t<ips, or 1.3 ksi

stress, but the deflection had started to creep

slowly at /*8 kips, or 1.0 ksi stress. The panel

was al]owed to stand for one and a half hours

at a load of 6/* kips. During this tinie the load

dropped off to about 57 kjps, while the deflection

increased by 0.012 inches. The panel r¿as loaded

to 101 kips, or 2.1 ksí stress before the appearance

of any cracking. Two tension cracks appeared

on the load bearing face at this l_oad-one

/¡| inches 1ong, 1 foot above the center and.

the other /o inches long, 3 inches above the

center. The loaC dropped off to 99 kips and

the d.eflection increased 0.018 inches in the

37



next 10 ninutes. The panel ruas loaded to 129

kips, or 2.7 ksi st::ess and allowed to stand

for 18 hours. The load drop-off was about 1

kip per minute for the first ! or so minutes,

along r,iith an j-ncrease in deflection of 0.01

inches per minute. luiany tension cracks appeared

during this period. The l-oad appeared to steady

itself at about 103 kips during the 18 hour

period. This was accompanied by a total increase

in deflection of O./r55 inches. At the end of

the '18 hour period the deflection and load drop-off

could not be detected from the guages by eye

but had to be ti-med. The load drop-off was

0.6 kips in t horrr, along with an increase

in deflection of 0.001 ínches in t hourr. The

load was increased to 121 kips, or 2.5 ksi stress,

at l¡hich point the panel failed drastically

with a l-oud noise. It should be noted here that

the failure load is lower than the previous

maximurn load. The bearing síde cracked through,

14 inches beloi"¡ the center and total clelamination

occured betr+een the load bearing face and the rest

of the paneI. There üras no evidence of cracking

on the non-load bearing face (plate B),

lì:.ì
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Panel 10 - ?-

Refer to fig. 13 for di¡nensions and reinforcernent,

and fig. 15 for load-strain eharacteristics.

:. As the load was applied the panel started to
:t .. .-;
:-,L.1_..,

..':...j deflect inr¿ards so that the outside surface of

the load bearing face was being put into compression

due to the lateral- deflection, Cracks appe¿red

on the non-bearing tension face only as the load

was increasecl. The first crack was noticed 1

inch up from the center, at a l-oad of 85.d kips.

The second crack was noticed 6 inches below the

center, at a load of 103 kips (plate 9). A

third crack appeared 6 inches above the center,

at a load of 119 kips. The l-oad r¡as increased

Lo 1/,r/, kips, or 3 ksi stress when another crack

. appearedr 3 inches above the center. The panel

was loaded to 160 kips and then observed, as the

load t^¡as all-or.¿ecl to drop off. The deflection

inereased by 0.16 inches and the 1oad. dropped to

1/*1u kips in t hour and 20 minutes. The panel

was then reloaded ver¡r quickly to 168 kips,
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or 3.5 ksi stress, when fail-ure occured. The

panel cracked through, 6 inches above the center

and delamination of the load bearing face from

the rrAerofoamrr and non-load bearing face occured

from the fail-ure crack to the bottom of the panel.

Concrete on the load bearing face was blown out

from 6 to 9 inches around the failure craek when

the panel broke. There ïras one more tension

crack notíced on the non-1oad bearing face at

failure"
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Panel 10 - 3

Refer to fig. 1j for dimensions and reinforcement,

and fig. 16 for load-strain characteristics.

As the load was applied the panel started to

d.efl-ect inwards, so that the outsicle surface of

the load bearing face was being put into compresssion

due to the lateral defl-ection. This trend con-

tinued, with a very srnall increase in center

d.eflection, untÌ-l a l-oad. of 48 kips, or 1 ksi

stress, was reached. At this point the center

defl-ection remained constant as further load

was applied. Two tension cracks were noticed

on the non-load bearing faee at a load of 5Z

kips-one 18 inches above the center and the

other 6 inches belor¡ the center. The center

deflection remained constant until the loadíng

reached Ç6 kips, or 2.0 ksi stress, at which

point it changed direction and the center of the

panel started to move back to its original

position. This trend eontinued as further

load was applied, and at'a l-oad of 160 kips,

ii r':ì'..:
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or 3.3 ksi stress the panel passed through its

original position and the outside surface of the

load bearing face changed from compression to

tension due to the change in direction of the

lateral deflection. The panel was loaded to

172 kipsn or 3.6 ksi stress and al-l-owed to stand

for /",5 minutes, The load dropped off to 1ó0

kips and deflection increased 0.03 inches during

thís time. The load was increased to 180

kips but immediately dropped off to 178, then

168 kips. ül:ing thís l-oacling and dropping

off proeess the defl-ection increased by 0.J inches.

The panel r¡as reloaded to 176 kips and the deflection

j-ncreased by 0.06 inches. It vas then unloaded

to 125 kips, or 2.6 ksi stress. Duríng the

unloading procedure the defleetion d-ecreased

by 0.03 inches. Both the load and defleetion

held fairly steadily after the panel had been

unloaded to 125 kips. The pa.nel was reloaded

to 176 kips, or 3.7 ksi stress. The load dropped

off slightly while the panel crept s1ight1y.

The deflection increased 0.18 inches riuring

reloading. The load was increased. to about

45



178 kips, at which point a par:tial delarnination

failure occured and the load inmediately started

to drop off fairly quickly. The load had dropped

off to about 168 kips r.ihen failure occured.

To'.,aL dela¡nination of the load bearing face from

the ÎrÂerofoamrt and non-load bearj-ng face occured.

The load bearing face bler¡ apart at about the

center of the panel (pbte 10).
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Panel I - 1

Refer to fig. 17 for dinensions and reinforcement,

and fig. 18 for load-strain eharaeteristics.

As the load was applied the panel started to

deflect outwards so that the outside surfaee

of the load bearing faee Ìras being put into

tension due to the lateral deflection. The panel

deflection started to creep slowly as the load

reached /08 kips, but fncreased rapíd.ly when the

load was increased to 5Z kips, or 2.2 ksi stress.

No cracks had appeared to this point in the test.
The panel was allowed to stand for about 5 minutes

i¡h1le the guages rrere removed. The load dropped

to /+B kips during the 5 ninutes. The load. r¿as

then inereased. quite rapidly to 66.4 kips, or

2.7 ksi stress r.¡hen failure occured.. . The failure
was a combination of delanination and bucklíng.

The panel cracked through its entire eross-

section, r¡ith the failure crack situated Z inches

below center on the non-bearing faee, and. 10

inches below center on the load bearing face.
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There were two other cracks on the load benring

face at 7 inches and. 18 inches below center.

The bottom half of the panel had completely

delaminated, with the non-load bearing face

and the rrAerofoamrr separating from the load

bearing face. There l¡as no vÍsible delamínation

of the top half of the panel (plate 11).
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Panel- I - 2

Refer to fig. 17 for djmensions and reinforcement,

and fig. 19 for load-strain characteristics.

As the loac1 was applied, the panel started to

deflect inr,¡ards so that the outsid-e surface

of the load bearing face was being put into

compression due to the lateral_ deflectíon.

The load held well and the d.eflection did not

start to creep until a load of 6ln kips, or r.6 ksi

stress was reached. A craek then appeared on

the non-bearing face, 19 inches above the eenter.

The loaci dropped off about 4 kips in 15 minutes

and i,¡as again increased to 64. kips. Another

crack appeared on the non-bearíng face, e inctes

belol¡ the center. The panel was defl-ecting

fairly slowly at this poÍnt, but the d.eflection

increased rapidly as the loadíng reached 68 t<ips.

Another eraek appeared, 3l inches above the center

on the non-bearing face, as the 1oad started

to drop off. The load dropped off to 6O t<ips

and the deflect'ìon íncreasecl O.20 inches during
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the ne;rt hour. The panel was allowed to stand

for the next 3 days a.nd i 7 hours. At the end

of this period, the load had dropped to /o/, kips,

or 1.8 ksi stress, and the defleetion had increased

more than 0.22 inches. The panel was reloaded

to about 54./, kíps when the deflection increased

very quickly and the guages ì,rere removed. Two

tension cracks appeared on the non-be¿ri-ng

face during this time-one, 1j Lnches belor^¡ the

center, and the other 10 inches above the center.

The load dropped off to about /08 kips in 15

minutes and r¡as then increasecl to 5Z kips, a.t

t¡hich loari failure occured, The panel did not

seem to delaminate, but instead broke completely

in two. The break was 10 inches above center

on the non-bearing face, and I inches ¿bove center

on the bearing face (plate 12).

iir,:ildi
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Panel B - 3

Refer to fig. 17 for dimensions and reinfo:reement,

and fig. 20 for load-strain characteristics.

This p.anel had some shrinkage and handling cracks ., . ,

on the non-bearing face. A major crack, 10 
.';1¡'i'';'

''-. 
-tt.r,1. . :;

inches belor,¡ the center, ran for the entire i.,r:..,,:,-.,

width of the panel. Ti¡o other cracks-one 2

inches above the center, and the other 17 inches

below the center, did not run the entire width

of the parrel but stop;oed short of the edges.

As the load was applied the panel started to

defleet outr^¡ards so that the outsicie surface of

the loecl bearing face r¡as being put into tension 
i

due to the lateral deflection. The deflection

started to creep at a load of Z|kips, or 1.2 ksi ,ll,'':,':,
..--t .'.'

stress. The panel vas l-oaded to /u/+.L kips and ,.,;,,,,,,
ir:i.: '- .: -

allowed to stand for 15 minutes, while the guages

wer:e removed. The load dropped to 33.1 kips

during this time. Load was then applied very 
¡,,r..,,.:

quickly to 50.d kíps, r"rhere it stopped increa.sing lr::i":iiiii:

r+hile pu,nping continued. Purnping l,¡as stooped
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and the load dropped off to about 26 kips in

1 minute, The load drop-off was aceompanied

by a gradual increase in defleetion, until the

panel failed ar, ?,6 kips. The failure tlas a

combination of buckling and delaninatÍon. The

panel cracked through, 10 inches below the center.

There was also another tension cra-ck on the load

bearing faee, 1d inches below the center.

Delamination occured on the bottom pa_r"t of the

panel, r,¡ith the rtAerofoamrr and non-bearing faee

separating frorn the loaci bearing face. There

was no visible delaminatíon of the upper pa:i:t

of the panel (pIate 13).

l::,.]' :li
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Panel 5 - 1l

Refer to fig. 21'for dimensions and rreinforcement,

and,fig. 22 for load-strain characteristies

As: the load r¿as :applied .,'the'pane1 started to

rleflect inr,rards so that the outside surface

of the load bearing face was being put into

compression cLue to the lateral deflection.

There lras no notieeable defl-ection creep or load

drop-off upon loading to 125 kips, or 2.6 ksi

stress. Two tension cracks appeared on the non-

bearing face at a load of 125 kips. One ruas

13 inches above the center and the other was /ç1

inches above the center. Another tensi-on cr¿ck,

2 inches above the center was noticed, at a load

of 15/r kips. The deflection had started to creep

wíth the appearance of this crack, and the guages

were removed at a loacl of 156 kips. The load

r'ras increased to 1Bl+ kipsr or 3.8 ksi stress.

Three rnore tension cracks openecl. up during this

loading stage. One craek i¿as 30 inches up frorn

the center and. the other two r¿ere 14 and 26 inches

58.i



doi,¡n frorn the center. The load started to

drop off with the appearance of these cracks.

As it appeared thai failure was inrnenent upon

further loading, the panel was unloaded and the

guages replaced, in order to retest the panel.

There was no visible evidence of delamination.
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Panel 5 - 1Z

Refer to fig. 21 far dirnensions and reinforcement,

and fig. 23 foy load-strain characteristics.

As the load r¡as reapplied the panel st¿rted to

deflect inwards so that i;he outside surface

of the load bearing face was being put into

compression due to the lateral- deflection.

The panel was l-oaded Lo 1/,/, kips, or 1.0 ksi

stress, and allor,¡ed to stand. The load dropped

Lo 1LO kips in 10 rni-nutes. The panel had started

to cr"eep at a l-oad of 105 kips and the guages

vlere removed after the 10 rninuie r+ait. The

panel r.¡as loaded to 1l/* ki-ps, or j.6 ksi stress,

uhen failure occured. The fail-ure crack on the

non-load bearing face appearecl at failure and

was I inches up from the center. Three cracks

appeared on the bearing face--16 and 37 inches

below ihe center, and the actual fail_ure erack

at 6 inches above the center. A small- a-¡nount

of concrete i,¡as blor¿n out of the be¿ring faee,

around the fail-ure crack, i,¡hen the panel broke.

¡ì,iri

,ìlltn..+:.] l:
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DelaminatÍon of the bearing face from the

rrl\erofoamrr and non-bearing face occured on

top half of the panel only (plate 14).
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Panel- 5 - 2

Refer to fig. 21 îoy di¡nensÍons and reÍnforcement,

and fig. 2Å, for l-oad-strain characteristics.

As the load was ai:plied the panel started to

deflect i-ru¡ards so that the outside surface

of the load bea::ing face was being put into

conpression due to the lateral defl-ection.

Two shrinkage cracks r¡ere noticed on the non-

be¿ring face, 5 inches below the center ancl 1/,

inches above the center. These craeks did not

run the entire width of the face, but stopped

short of the edges. Á,t a loaci of about 100 kips,

it was noticed that these cracks had exbended

all the way to one edge of the paneI, but

still- stopped short of the other edge. A vertical

crack on the load bearing face was noticed at

a load of 155 kips. The crack r¡as 1 Ínch off

eenter and 13 inches long, st¿rting 2 inches

from the bottom of the panel. The crack had

extended 2 inches at 160 kips, another 2 inches

at 187 kips, and a final 2 inches at 191 kips.
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The crack had opened up to the bottom of the

panel at, 187 kips. Às the load r,ias increased

to 196.6 kips, or /+.1 ksi stress, the bottom

of the panel started to del-arninate. The load

ímrnediately dropped off to 188.6 kips and the

panel faÍled. The bottor¿ of the load be¿ring

face bler+ apart and delamin¿tion of the bear.ing

face from the ÌtAerofoamfl and non-bearJ-ng face

was vÍsible to wíthin 2 feet of the top of the

panel. The two tension cracks on the non-bearing

face extended throu-gh the entire face at failure.

There were also two cracks r,¡hich appeared_ on the

be¿ring face at failure-one 21 inches above

the center, and the other 18 inches belor¡ the

center (plate 15)"
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Panel 5 - 3

Refer to fig. ?-1 for dimensions and reinforcement,

and fig. ?5 for load-strain characteristÍcs.

As the load was applied the panel started to

deflect outwards so that the outside surface

of the l-oad beari-ng face was being put into tension

due to the lai,eral deflection. The load did not

hol-d rvell during this test but quickly dropped

off about 1 kip before holding steadily after

each loacl increment. The panel started to

creep fairly quickly at a load of 105 kips, or

?.".2 ksi- stress, and the guages were removed,

Delamination of the non-bearing face and ftAerofoamrr

frorn the bearing face becarne visible at the bottom

of the panel, at a load of 110 kips. The load was

increased to 1J8.1 kips, and the loading was

stopped. the load irnediatel-y droppecl to 130.7

kips and failure occured. The panel buckled and

totally delaminated. The failure crack on the

bearing face was 6 inches above the center. There

were tuo cracks on the non-bearing facerone

:::: I
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1{ inches above ihe center, and the other 29

inches above the center. The panel delarninated

with the bearing face separating frorn the

trAerofoa¡nrr ancl non-roearing face (plate 16).

;: :,:i:::-ì.¿ ri I ì: :r:
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1

Panel 7 - 1

Refer. to,fig, ?-.6. for dimensions,and .rejnforcementr

and fig., ?'il for Load:-strain.'charactefí,sti.cs.

A-s the load. was,qppli,ed,.the panel ;star:ted 'to
rief,lect i-nr,r¿rds, sp.that.the outsj.d,e sqrface,

qf ,the ,1o4d bearing faoe."was bç.i.ng.p-ut :into

eompres.si-on due ..!g the lateral deflection. ,

Two tensi-on cracks appeared on the non-be¿ring

face at a load of 36 kips, or 1.5 ksj. stress.

The cracks r,rere 5 inches and Zl) inches belor¡

the center of the panel. The loact started to

clrop off and the deflection started to creep

when the craeks ¿ppeared. :trs the load r,ras increased

to 5O kips, or 2.1 ksi stress, tvro more tension

cracks appee.red on the non-bearing face. These

cracks r.¡ere 10 inches and 20 inches above the

center of the paneI. The guages were renoved.

at 52./+ kips, as the panel i^ias creeping fairly
quickly. The l-oacl droppecl to /ç6./, kips in about

i0 minutes, The panel was then loaded Lo 56./*

kips, or 2,.35 ksi stress, r+hen failure occured.

¡ri1:;rl

7!1.,'.



. ' ' '..:|

..ì :. :. _iilj

The panel broke corrçletely in tr,ro. The failure

vras step-like, occuring 6 inches above the

center on the bearing fa-ce and 9 inches above .

the center on the lrAerofoamrf and non-bearing

face. Delamination of 'r,he bearing face fron

the rrAerofoamrr and non-bearing face was visiï:le

for 2 to 3 feet dor^¡n from the b::eak on the bottom

part of the panel. There v/as no visible delarn-

ination on the top paLrt of the panel (plate 1?).
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Panel 7 - 2

Refer to fig. 26 for d:imensions and reinforcement,

and fig. 28 for load-strain char¿cteristics.

As the load was applied the panel started to . ,r.,,

deflect i-nwards so that the outside surface ::":"

of the load bearing face was being put into ;,¡;,ir.

eompression due to the lateral- deflection. The

panel i.Ias loaded to 4,8 kips, or 2.0 ksi stress,

r¡hen a tension crack appe¿red on the non-be¿ring 
I

face, 10 inches belors the center of the panel. I

the load dropped to about 45 kips in 5 minutes,

and was then increased to 56 kips. The guages 
i

iwere removed at this load, as the panel w¿s

creeping rfl.ther quickly. lwo more tensi-on cr¿cks
r.,..jr..

appeared on the non-be¿ring face at 56 kips. ,r:',ri

,' a.ta.a'They were 2 inches above the center and 26 inches ,r,.,

below the center. The load dropped to 51 kips

in 12 minutes. The load w¿s then increased to

6Z*.3 kips , or 2.7 ksi stress, where it ren¿i¡sfl 
i.*,

constant as purrping conti.rmed. I,Ihen the pumping 1:'iì:rj'ii

was,stqpped, the load immediately dropped to 60
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kips and the panel failed. The panel broke

completely in two at, 10 inches belor,¡ the center.

Delar¡rina.tion of the bearing face from 't he

trAerofoamrr and non-bea.ring face was visÍbfe on

the lower part of the panel only (plate 18).

i r.:.'...:
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Panel ? - 3

Refer to fig. 26 for dimensions and reinforcement,

and fig. 29 fov load-strain characterÍstics.

As the load was applied the panel started to

deflect outward.s so that the outsi-d.e surface

of the load- be¿ring face was being put into

tension due to the lateral deflection. The

panel was loaded to tv/+ kips, at which point the

deflection started to creep fairly quickly ancl the

guages r+ere removed. The load had held fairly

steadily up until this point, but dropped off

to /+0 kips during the next 10 minutes. The Ioa<l r¡as

increased Lo 52"/+ kips, or 2.2 ksi stress, and the

panel failed. The failure ïras a combi-na'cion of

buekling and delarnination. The faílure erack was

1.5 inches above the center, on the bearing face

and I inches above the center, on the non-bearing

f ace. lrlu¡nerous tension cracks appeared on the

bearing face, irrunediately before fail_u-re. These

cracks were situated frorn 3 feet belol¡ the eenter

to ?-.5 feet above the center, Delamination of
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the bearing

non-beari-ng

of the panel

face from the

face occured

only (plate

rrAerofoamtl and

for the bottom 6 feet

19).
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Panel /n - 1

Refer to fig. J0 fo:: di¡nensions and reinforcement,

anci fig. 31 for loadr-strain characteristics.

As the load r,¡as applied the panel started to 
.:,.:.

defl-ect outward.s so that the outside surfac" i'tl"

.' ':

of the loacl bearing face was being¡ put into ,,,"

tensi-on due to the lateral deflection" The

panel started to creep at a load of 77 kips,

or 1"6 ksi stress. The load held fairly steadily

t¿p to 113 kips. The guages uere renoved at this

point and. the load dropped off to 109 kips Ín 
t,

5 rninutes. The panel '"¡as loarled to i38./* kips ,

or 2.9 ksi stress, and allor.¡ecl to stand. The 
l

loacl irnmed-iatel;' droppecl off to i 29 kips ancl the 
r ,:

panel faited. The failure was a eombination of ,...':.

: .a

delaminatj_on and buckli-ng. The failure crack 
,,,,i

on the load bearing face r¡as 6 ínches above the

center. Concrete was broken out ofl the lo¡¿cl

bearing face fo:: a distance of 9 inches above 
i¡:,,¡
iÌ$the failure crack. About 2 inches of reinforcing

steel uas elrposed in the vicinity of the break"
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There were tr¡o cracks on ihe non-bearing face-

one I inches below the center, anrl the other 2

feet above the center. Totat delamination had

occured. The bearing face separated frorn the

?rAerofoamrf and non-bearing face for all but

2 feet of the panelts length. The bearing

face separatecl from the 'tAerofoa.mrt and ¡s¡-þs¿rj-ng

face for the bottom 2 feet of the paneI. A

joint in the rrÂerofoamrr occu::ed at this point,

anci for the next 2 f eet, tire non-beari ng face

separated from the trAerofoamtr and load bearÍng

face, There was then a 6 inch transition zone,

t¡here the 'r.A.erofoamrr l-eft the bearing face and

joined the non-bearing face, for the rest of

the paneÌrs length (plate 20).
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Panel /, - Z

Refer to fig. 30 for dirnensions ancl reinforcement,

anri fig. 32 for load-strain characteristics.

As the l-oad was applied the panel started to 
,,ì,-:,::

rlefl-ect outr+ards so that the outsicle surfac" i"t¡''";'l

i ,ì, ,1..' ;,'..

of the l-oacl bearing face was being put into ..¡,,]i

tension due to the latera] deflection. The

panel uas loaded to 109 kips, or 2.3 lcsi stress,

and a.lloi^red to stand. Delamination of the bearing

face fron the rrAerofoamlr and non-be¿ring face

r¡as visíble on the bottorn ó feet of the panel.

The cleflection was increasíng at a good rate as

the guages Ì¡¡ere rernoved. The loari dropped off

continuously and tead 97 kips in 10 rninutes.

1'he load continued to drop off sloi,¡ly and the

panel fail-ed 5 minutes later, at a load of about

93 kips. Failure was a combination of buckling

and delarninati-on. The failure crack was 9

j-nches up fron the center on the bearÍng faee

and 10 inches up from the center on the non-be¿::ing

face. îotal de] amination occu::ed r.¡ith the bearing

face separating frorn the frAerofoamt' and non-bearing

face (plate 21 ).
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Panel /* - 3

Refer to fig. 30 forrcli-mensions ancl reinforcernent,

and fig. 31'fdr load-strain charâete:ristics'. "

As thé':Ióad'r¡as'applied -the :panéI starteci to

defl-eet inr,¡ards so that the outside surface

of the load be¿ring face was being put -into

cornpressîon'due to the lateral deftection.

The panel rvas loaded to 60 kips r,rhen ti,¡o tension

cracks were noticed on the non-bearing face.

The first crack t+as 26 inches above the center

a.nc1 was through the entire section. The second

cr¿ck rvas 2 inches above the center and r+as only ó

inches through the section. The l-oad dropped

to 56 kips in 1O minutes. The second tension

crack had extended another 2 inches at 81 kips,

and another j-nch aL 1O5 kips. The craek was through

the entire secti-on at a l-oad. of 109 kips. The

panel r¿as loaded- to 128.8 kips, or ?-.2 ksi stress.

At this load the panel started to creep rapidly

and the guages were renoved. The load was increased

to 178./* kips, or 3.7 ksi stress, and then droppecl

off to 172.2 kips, when the panel failed. There

ti¡y:



was no visible evidence of delamination in the

paneI. The failure appe¿red to be clue uholly

to buckling. The failure crack on the bearing

face was 1 inch up from the center. One to two

inches of concrete had been blo¡¡n out of the

be¿ring face, in the vicinity of the failure

crack, for a distance of I inches up the panel.

The failure crack on the non-bearing face vras

1 1 inches above center.
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Panel 6 -'1

Refer to'fÍg. 3Å, for dÍmensions, and',reinforcemêñt,

and fig. 35 for load-strain characteri.stics;.

., ri :..1

As .the: load :waS applied .the panel' started'to

def,lect inwa.rd.s'so that rthe outside sui.face, , ..

of 'the load bear.ing, face r.¡a3 ,being put'into, :

compression at ,fi¡s¿, due, to the latenal deflection.

This panel was cracked ,in two places on the,,,.

non-bearing face, r¿hitre,bei-ng ptraeed, into the

test frame; ,The c¡acks r¡¡ere 14 and 3/u Ínches

above the center. The panel was loaded to

85.4 kips ¡ or 3.5 ksi stress. At this load,

the panel l{as creeping fairly rapi<ily and the

guages were removed. The load was increased

Lo 95.3 kips, or 3.9 ksi stress, when faj_lure

occured. The failure lras a combínation of

delarnination and buckling. Total d.el-amination

occured r,¡ith the be¿ring face separating fron

the nAerofoanrt ancl non-bearing face. The non-

bearing face did not break through cornpletely.

The bearing face broke at 2 inches below the

... I

..: l

9,0



center. There i¡¡ere approxirnately 9 cracks

on the bearing face, at a distance of fyom 5

to B feet from the bottom of the panel (plate 22).

The reason for the cracks on the load be¡ring

fg.ce r.¡as Er revers¿l in d.eflection that occured

ne¿r the end of the test. The guages ì,Jere

renoved before the panel deflectecl back to its

original position, but by the end of the test

it had nost probably passed through its original

posítíon and placed the outside surface of the

load bearing face into tension due to the

change in direction of the lateral clefl-ection.

t:{,::ì_i
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Panel 6 - 2

Refer to fig. 3'/,, for dimensions and.'reinforcement,

and fig. 36 fot load-strain characteristics.

As the load Ï/as applied the panel started to

deflect Ínwards so that the outsíde surface

of the load'bearing face was being put Ínto

compression due to thê lateral deflection.

Ther.e r¿as less than 0.015 inches change in the

center guages as the panel was loaded to 30

kips. The clefl-ection then changed direction

and the outside surfa.ce of the l-oad bearing

face went from compression to tensjon due to

the change in the lateral deflection. The

panel w¿s loaded Lo 77 kips, or 3.2 ksi stress. The

panel started to creep rapidly at this load and the

guages were removed. The load droppecl to 72.? kips

in about 5 minutes. The load was increased Lo B5.l+

kips and failure occured. The non-bearing face

did not crack through, The failure crack on ilre

bearing face was 26 inches belor"r center. Delam-

ínation occured from the bottom of the panel

9i4



to about 6 inches below the center. The non-

be¿ring face separated from the rrAerofoamil and

bearing face for the bottom 6 inches of the

paneI. The beari-ng face then separated from

the trAerofoamrr and non-bearj.ng face for the

next 15 inches. There was a joint in the

ilAerofoamtr ¿t this position and the delamination

again changed back to where the non-bearing

face r+as afone. This type of separation continued

until delamination r,¡as no longer vísible (plate 23).

::.'rI l

l:1:ì
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Panel- 6 - 3

Refer to fig. 34 foy dimensions and reinforcernent,

and fig. 37 lor l-oad-strain cha_racteristics.

As the load r,¡as applied the panel started to

defl-ect outwards so that the outside surface

of the load bearing face was being put into

tension clue to the lateral deflection. llel_amination

had started to occur, and ¡,¡as visible very early

in ihe test. The def-lection was greater than

A./*6 inches at a load of 11,,.5 kips, or 0.6 ksi

stress' Delamination of 'r,he bearj_ng face from

the rr.A.erofoamrr and non-bearing face rn'as visible

from the center of the panel to the top. Irlu.merous

tension cracks appeared on the bearing face.

These cracks rârere spaced from the center of the

panel to r+ithin about 1 foot of the top. The

deflection continuecl to increase rapj-dly as the

load was applied. The guages f.iere rernoved at

a load of 2./v.l kips, or 1.01 ksi stress. The

defleetionl,ras greater than O.? inches at this

load. The top part of the panel continued to

i.a'.:.:-:.,r
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delaminate and a gap of up to half an inch

could be seen between the bearing face and the

nAerofoanil. The panel failed in delamination

at a Load of 28.3 kips. At failure, there were

as many as 1l¡ tension cracks on the bearing

face, none of which could be called a failure

crack. There Ïras no visible delanínation of

the bottom { feet of the panel (p1at,e Z/+ and. Z5).

The buckling of the panel was strictly from the

center to the top, and all but one of the cracks

on the load bearing face was above the center of

the panel.

i:'!\:.jri:.ìr

I :r.ì:.1,ì:':i,:. :ìtìa
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Panel- 3 - 1

Refer to fig. 38 for dinensions and reinforcement,

and fig. 39 for load-strain characteristics.

As the load was applied the panel started to

deflect outu¿rds, so that the outside surface

of the load bearing face w¿s being put into

tension due to the latera] deflection. The

load started to drop off and the cleflection

started to creep, at a l_oacl of about ó2, t<ips.

The guages vrere removed. ãt 72.7 kips, or 1.5

ksi stress. The load dropped off to 66./¡ kips

ín 10 minutes. The panel w¿s then loaded. to

97.3 kips, or 2.0 ksi stress, at whieh load it
failed. No cracks r¡ere noticeci on the panel

befo::e fail-ure. The panel completely delaminated,

with the be¿ring face separating from the

rrAerofoamil and non-bearing face. The bearing

face broke through, 18 inches above t,he center.

The non-be¿ring face rlid not break through, but

d.id have tr,ro cracks*at 5 and 18 inches above

the center (plate 26).

,l:. i r :::

t 1-.:
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Panel- 3 - 2

Refer to fig. 38 for dimensi_ons and reinforcement,

and fig. 40 for load-siraín characteristics.

As the load r¡as applied the panel started to

deflect outwards so that the outside surf¿ce

of the load bearíng face was beÍng put into

tension due to the lateral deflection. The load

held well as the panel lras loarled to 85 kips.

The guages \,rere removed at a load of 105"3

ki-ps, or 2..2 ksi stress, as the deflection

had started to increase rapidly. The riefleetion

increased as the load continued to drop off.
Numerous tension cracks appea_red_ on the bearing

face, frorn 1 foot belov the center to 2 feet

¿bove the center. Ilelamination was vísible at

the top of the panel. The load rtropped fairly
quickly Lo 97 "J kips and then continued to drop

off slowly. The load reached about 93.3 kips

in 10 minutes, and the panel failed. Total

delarnination of the bearing face from the

rrAerofoarntr and non-bearing face oceureC. There

ti " -.'.:' ::
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r^tere 18 tension crad<s on the bearing face at

failure. The failure crack was 10 inches above

the center on the lsad bearing face. There were

/r cracks on the non-bearing face at I inches

down fron the center, and /r, 9, and 21 inches

up fron the eenter (pIate Z7).
:.1,_:l::
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Panel 3 - 3

Refer to fig. 3B for dimensions and reinforcement,

and fig. /r1 lor l-oad-strain characteristics.

As the load i¡as applied +"he panel started to

deflect inwards so that the outside surface

of the load bearing face was being put into

compression due to the lateral deflection.

At a load of 6¿, kips, delamination of the top

2 to ) feet of the pe_nel became noticeab_le.

The bearj.ng face had separated from the rrAerofoamrt

and non-bearing face. the load. was increased to

101 kips. A tension crack appe¿r.^ed on the

non-bearing face, 6 inches above the center.

The panel had started to creep at 101 kips and

the guages uere removed at 105 kíps. The load

was increasecl to 120 kips, or 2.5 ksi stress, and

a picture r,¡as taken of the top part of the

panel (phte 2B). The load was then increased

to 140.J kips, at which load the panel fail-ed,

Total delaminatj_on occured with the bearing

face separating from the ilAerofoamrl and non-bearing

i:r':;rl
:':ì::.

| ìrj: i:i::

i*¡

106



face. The failure crack was 15 inches above

center on the bearÍng face and 17 inches above

center on the non-bearing f¿ce (plate 29).

i. -_ '
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Panel 1 - 1

Refer to fig. /+2 for dinensions and reinforcement,

and fig. /+3 for loarl-strain characte¡istics.

As the load r¡as applied the panel started to

deflect i-nr¡ards so that the outside surface

of the load bearing face r,¡as beÍng put into

compression due to the lateral deflection.

A tension crack appeared, 10 inches up from

the center on the non-bearíng face, at a 25

kip load. The l-oad was increased to d6 kips

when another tension crack appe¿red on the

non-bearing face, 21 inches above the center.

The panel was then l-oaded Lo 60.3 kips, or 2.5

ksj- stress. The defleetion increased. rapidly

at this l-oad. The guages were reeord.ed and

removed, uhile the panel was still creeping.

Two tension cracks appeared on the non-bearing

face, 7 anrl 22 inches belor,¡ the center. The load

dropped Lo J/n./, kips in 10 mínutes, and the

deflection appeared to have stopped. The panel

i¡as allowed to stand for one and a half hours.

: . ._::.-
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The load had dropped to 49 kips by the end of

thÍs tíme. The load i¡as then increased very

quickl-y and the panel failed at a load of 52./+

kì-ps. The panel buckled, with the failure

crack oecuring 1 inch above the center, on the

non-bearing face, ancl right at the center on the

be¿ring face. There was very slight visible

deLamination in the vicínity of the failure

crack, A vertical erack ran between the bearing

face and the rrAerofoamrr, for a distance of 1

to 2 feet on either si-de of the fai_Lure crack

(plate 30).
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Panel 1 - 2

Refer to fig. 42 for d:imensions and reinforcement,

and fig. /r/r for load-strain characteristics.

As the load was applied the panel started to

deflect inwards so that the outside surfaee

of the load bearing face was being put into

compressi.on due to the lateral deflection.

The panel started to creep and the load started

to drop off at a 1oad. of about 50 kips. 'ih"
panel was loaded Lo 6¿,.3 kips, or Z.Z ksí stress.

Tr,¡o tension cracks opened up on the non-bearing

face, 14. inches on either sid.e of the center.

The load immediately dropped off .rr¿ tri1i','panel

began to creep quickly. The load dropped off
to 61 kips in 10 minutes and was then reload.ed.

to 6l+.3 kips. The deflection increased more than

0.1 inches during the reloading. Two more tension

cracks appe¿red on the non-bearing faee, 3

and 22 inches belovr the center. The top and ..
bottom guages were removed, le¿ving on].y the

center guages on the paneI. The panel was allor.¡ed

r13



to stand for tr¿o hours. The load dropped to

52./r' kips and the g"uages increased by 0.3 inches

during this time. The center guages were renoved.

The load was increased very quickly to 60 kips

and the panel failed. FaÍIure r¡as mostly buckling

along r,¡íth sorne visible delanination. The failure

crack was 3 inches belor^¡ center on the bearing

face and 2 inehes below center on the non-be¿ring

face. A splitting of the bearing faee from the

frAerofoamrr and non-bearing face was vísíble for

about I feet up frorn the failure craek (plate 31).
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Panel ,1 - 3

Refer to fig.; 42 for d.imensi_ons and:r:einforcernent,

and fig. 45 .for load-strain characterístj_cs.

As the loa.d,r"ras applied,the panel st4rted to ,,

deflect inwa¡ds so that, tþe,,ou.tslde ,surface ,,

of the load bearing face was being,put ínlo

compression due t-o,the lateral deflection.

A tension crack r.¡as, noticed., on the non-be¿ríng: , .

face, at a load of,,36../+ kips. The crack was 13

inches above the center and only r+ent half
way through the section. A simílar crack was

noticed at a load of jZ./+ kips. Thís erack was

15 inches below the center on the non-bearing

face. As the load reached ó0.3 kips, or 2.7

ksi stress, another erack opened on the non_be¿ring

face. This crack went through the entire section

and was 2 inches ¿bove the center. The two other

cracks also cracked through the entire section

at 60.3 kips. The t_oad dropped off to 5g.3

kips in 10 minutes. The panel r,ras creeping

fair'ly quickly ancl the guages were removed.

ï16..



ari

(plate 3e)" The load continued to drop to

53 kips. The panel r^¡as then reloaded io 6/+.3

kips, when failure occured. The panel broke

coropletely in tvro. The failure eracks were

I inches below center on the bearing faee ¿nd.

7 inches bel-ow center on the non-bearÍng face,

There lls.s no visible cielamination in the bottom

part of the panel. The top part of the panel

appeared -r,o be al_mos'r, eor,rpletely cleÌaminated,

with the bearing face splitting from the nAerofoamrl

and non-bearing face.
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Pane]-.2 - 1

Refer to fig. 46 for dimensions and reinforcement,

and fig, /+7 for load-strain characteristics.

this panel had.aì number of shrinkage c::acks :

on the non-be3.ríng face. ,These cracks,.r¡ere about

half way through the secti-on and did not run

to either edge. They were sÍtuated al, /çA,

33, 25t and 13 inches below the center, and Z inches

above the center. As the load was applie<i the

panel started to deflect inwards so tha.t the

outside surface of the load bearing face was

being put into conpression due to the lateral
rlefl-ection. At a load of 85.1r kips, the crack

7 inches above the center had cracked through

to one edge. The cracks at 7 inches above center

and 13 inches below center r^rere cracked through

the entire sectionr at a load of 152 kÍps (plate 33).

The load was increased to 163.9 kips, or 3./+

ksi stress. All the original shrinkage cracks

went through and another one opened up at 22

inches above the center, on the non-bearing

1,1,:9,



face" The load droppecl to 156 kips in 25 minutes.

Another cya.ck opened 2 ínehes below the center,

on the non-be¿ring face. As soon as this crack

opened, the deflection increased O,Od inches.

The load continued to drop off and had. reached

150 kips in an hour and a ha1f. The panel was

then unloaded and rennoved from the frane.
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Panel 2 - 2l

Refer to fÍg. /16 for dímensions and reinforcement,

and fig. dB for load-strain characterístics.

As the load was applied the panel started to

deflect inr,¡ards so that the outside surfaee

of the load bearing face was being put into

compression due to the Lateral deflection.

There was a very small_ increase in deflection

as the panel was loaded. The deftection was l-ess

than 0.02 inches at a load of /rL kips, or O.Ç

ksi stress. As -uhe load was increased from /¡t1

kips, the defl-ection changed dírection and. the

panel started to move back towards ,the original

posi-tion. The panel was still moving back towards

the orÍginal posi-tion at a load of 105 kips.

the load had started to Crop off slight1y, but

the panel had not started to creep, at a load

of 125 kips. The panel passed through íts
original position at a load of 1M kips, or 3.0

ksi stress. The panel began to creep very slowly

at a load of 164 kips. The panel r¿as l_oaded to

::;::rl:i+
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181r.6 kips, or 3.85 ksi siress, and allovred to

stand for 18 hours. The load dr.opped to 158

kips and the cleflectÍon increased 0.25 inches

during the 18 hours. The panel was unl_oadecl

ín 20 kip increnents, and the defl_ection recorded.

',,¡,,, There Lras a permanent set of O.jZ,5 inches at the.:: I ,:.:

". center of the panel. There was no visible
|:'...'
':'::: ' evidence of delaminaiíon havíng occured, and there::.i .:lii

r¡Iere no cracks an¡rwhere on the panel . The panel

was taken out of the test frame, rotated 1800

about the vertical axisr and replaced in the

' test frame to be retested as panel number 2 - ?^

(plare 34) "

l: .: "t¡:r:,i:,
'. .: ...: .1
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Panel 2 - 2Z

Refer to fig. /16 for dinensions and reinforcement,

and fig. /ri lor l-oad-strain characterj-stics .

As the load was applied the panel started to

defleet inr+ard.s so that the outside surface

of the load bearing face was being put into

compression due to the lateral deflection.

There was a fairly small increase in deflection,

as the panel r¿as loaded. The deflection v¡as l-ess

than 0.06 inches at a loac1 of 96 kips, or 2.0

ksi stress. As the loacÌ r^¡as increased from

Ç6 kips, the deftection changed direction an<l

the panel started to mor¡e back towards the original

position. The load sta::ted to drop off slowly

at a load of about 1/,/,, kips, or ).0 ksi stress.

The panel had started to creep slowly a'u a l-oad

of 15/+ kips. The panel passed through the original

position a'i; a load of 162 kips, or 3./+ ksi stress.

The panel was l-oaded to 176.3 kips, or j"7 ksi

stress, and alloi,ied to stand. The load dropped

tro 172.2 kips in 6 minutes, and the guages ü¡ere

L::i.:-..,-
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rernoved. The l-oad dropped off to 163.5 kjps

during ¡he next hour and a half. The panel

was quickly loaded to 182.J kips, when failure

occured. The failurle uas a. combinatíon of

dela¡rination and buekling. The bearing faee

separated from the rrAerofoamrt and, non-bearing

faee for the top 5 feet of the pane1. The failure

crack was 33 inches above the center on the

non-bearing face, and 28 inches above center

on the bearing face. A sma11 amount of concrete

blew out around the failure erack, on the bearíng

face.
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6.2 Panel. Defl-ection

Analyzing any one p"rticular panel as a whole,

one would expect the defleetion to be ar+a¡r from

the load bearing face due to the eccentric load,

such that it r¡ould be put into cornpression due

to the lateral deflection. As is evident

from the Stress - Deflection graphs, thís happenecl

in only 15 of the 31 tests. In 12 of the J1

tests, the cleflection i,ras such that the load

bearirig face was put into tension and ín the

remaining d of the l1 tests, the defl-eetion was

such that the load bearing face went from

compressíon to tension. This behaviour is
perhaps best explained by looking at the load

bearing face itself. As far as the load bea.ring

face is concerned, it has no preference as to

i,¡hich way it i.¡ill deflect. If we now look at.

the panel as a whole, it is evident that it i^¡ill

cleflect into that shape whích requires the least

energy to assume. fn order for l,he load bearing

face to cieflect inwards and be put into cornpression,

a shear stress will be set up all a-Long the
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interface betr,¡een the load bearÍng face and the

rrAerofoamrr insulat,ion. If the bond be'r,r^reen the

lrAerofoamrt insulation and the concrete l-oad

bearing face is strong enough, a shear stress

should be set up and the panel should deflect

ín, so that the loacl bearing face goes into

compression. If, on the other hand, the bond

between the rrAerofoarnil insulation and the concrete

load bearing face is, for some reason, not strong

enough, it may require less energy to b::eak the

bond betr.¡een ihe insula't ion and concrete rather

than set up a shear stress all along it. This

should result in a separation of the insulaiion

from the load bearing face, at the center of the

panel. The load bearing faee should then d.eflect

out, and 'the outside surface v¡ould thus be placed

into tension due to the lateral deflection. This

explanatíon appears to be backed up by a majority
:

of the tesi results. Ten of ',he 12 panels that

deflected out, such that the load bearing face

i¿ent into tension, did actuatly separaie at the

Ínterface between the trAerofoamrt insulatÍon

and the concrete load bearing faee. I'line of the

;::=::l::: 
';

;!)Ëì¡f.u.tt
: '...
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15 panels that deflectecl in, such tha-t the load.

bearing face went into cornpressi-on, did actuatly

compress the insulation betrn¡een the tr.lo concrete 
,.,,:.,.:,,:
_:1_:._'

faces. One of ihe panels that defl-ected in so

that the Load bearing face was put into compression

had the insula+.ion conpressed at the start of , '
::_:..:

:,:¡.:,,',ìthe test, but it then separated from the concrete i j '

load bearing face as the panel d.eflection reversed. 
,: 
,, ,,.

ti :t:':::'

direction. Three of the d panels that went from

compression into tension had the insulation

compressedo

As has already been stated j-n the discussion

of each individual test, there rdas a fair amoun.u

of cracking in over half of the panels. fn most

cases cracks. would appear on the non-bea::ing face

iuell before the ul_tìmate load was reached. These

cracks, would in turn cause an increase in

defleetion. Yet, if loading hs.d been ce¡¿secl

at the first appearanee of cracking, the parrels

would easil-y have been able to rna.intaín that

1oad. This is backed up by ihe fact i;hat, even

t^tith the cracking and deflection, the panels
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l^Iere still able to ma.intain increasing loacls.

The panels, as a r,rhol-e, exhibited a fairly good

ductile behavíour, being able to maintain fairly

substantial loads, when conditions lrere such that

there r.iere rnany surface cracks and inc::easing

deflections.

In a solid panel, when a crack appears on the

tension surface the ul_timate capacit¡r 6¡ ¿¡"

panel is close at hand. If more load r¡as applÍed,

the crack would continue to get larger and failure

t¡oul-d most certainly occllro This, hourever, is
not necessarily the case i^¡ith load bearing

sandwich panels. ff a sandwich panel has deflected

(so that the outsid.e surface of the load. bearing

face has been put into tensj_on due to the lateral
deflection), and a cr¿ck occurs on the load bearing

face, the ul-timate capacity of the panel nay stil1
be a long ,tay off. As further load. is applied,

the cleflection will continue to increase and the

cyack r.ii1l go further into the concrete sectÍon.

As this happens, the concrete ¿rea of the 1oad

bearing face tlrough uhich the l_oaci is transfemed,

ì .:,:

ì-.
'::.:.

:'.: "
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gets snaller. This increases the cornpressi_ve

stress in ihe vicinity of the crack. As the

defl-ection increases, the bending stress in

ihe vicinity of the crack also increases. (ft

is this iype of action r¡hich in a so1íd panel

causes failure immediately follor+ing the opening

of a crack. )

The test panels cleflectect such that there uere

tension cracks on the l-oad bearing face Ln 15

of the tests. Tn 12 of these tests the cracks

did not appear until immediately before fail_ure.

In the renaining 3 tests however, (these being

9 - 1, 10 - 1, and 6 - 3) thu"" Ïras a dífference

of more than /*00 psi between the stress at r¡hich

the cracks opened and the stress at r¿irich the

panels failed. This would seern to Índicate that

there i¡ras some sort of a stress transfer between

-r,he load bearing and non-bearing faces. ft is
rnost probable that, sorne of the brending stress

was transferred through the rrAerofoamil insulation

and into the concrete non-beari¡g face i-n the

133
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vicinity of"thê cracks.

6.3 Panel Height

Eron the graphs ot to11/frc vs n/tyand, h/tX,

figs. 50, and J1 r, the scatter makes it difficult
to draw any one particular line. The sane

conment is applicable to the graphs of furtr/,,F"

and foy¡/fcr vs Height, Fig. 52. Bearing the

results of these graphs in mind, the author believes

it would be s¿fe to assume that, in the height

range of I to 12 feet,, or h/ty fron 12 to 27,

the change in height, or h/tt ratilo, did not

nake a very large dífference in the ultimate

stress that the panels took. îhe general dormward

trend that would be erçected in the ultiuate
stress, as the h/t ra+,ío increased did not appear

to any grpat exbent ín the test results.

6./* Aeinforcement B¿tio

Fron the results of the graph of fo11Æ" and.

fult/,f 
", 

vs Steel Ratio, fig. 53t the author

i'. j

:t:.1
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believes it r¿ould be safe to :as¡Urae; that increasing

the steel in the load be¿ring face does not

increase the ultÍmate stress of the panel at all,
The panels r¡ith minisnm steel were as strong,

if not stronger, than those with tr¡o and three

tines the steeL in the load bearing face. The

only d-ifference, if any, that the íncrease in

steel appe¿red. to make rras a slight reduction

in the panelrs deflection- In 19 of the 29 panels,

cracks appeared long before the ultimate load

was reached' Five of the six I foot panels and

four of the five 12 foot panels, all having

ninimu¡n steel, cracked early in'the tests. Three

of the six 10 foot panels, having minimurn steel

cracked e¿r1y in the tests. Three of the six

10 foot panels having 2 times ¡ninimurn steel

cracked early in the tests, and tuo of the six

10 foot panels having J t,ines minim¡m steel,

cracked e¿r1y in the tests.

6.5 Shear Connectors

The presence of only mininal shear connectors
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in all the test panels dj-d not cause any problems,

even r¿ith the fairly la.rge l-oads. The shear

connectors not only hold the two concrete faces 
,,,,..,,...,,.

together, they also act to control the location

of cracks. In a large majority of the panels,

the closest crack to l;he cenier of the panel _: ,, :

r,¡as 2 inches, ancl j-n no case did failure occur '',-t"'l'

r,¡ithin 1 inch of the center. In panel 6 - I 1,,:..t¡r...
l:.'.. ''.':':

(plate 21,), the upper half of the panel delaminated

an<i. numerous cracks appeared on it,. Boì;h the

delamination and cracking had pretty well ceased

at the cen-Ler of the panel. The control on the

d.elamínation and cracking is believed. to have
I

been causecl b¡r the presence of a shear connector

at the center of the panel.

6.6 Insul-ation

As is evident from the graphs fíg. 1, Z, /r, and 6,

of which the results are shovm in Table 3, rrst¡rrrofo¿¡rr

has better q.ualities as a core material than

frAerofoamrt, for use in load bearing sandwich

panels. It is the belief of the author that

r36
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delaminatíon of panels would be greatly reduced

and the fult values rnuch less scattered if
ttst¡rofoamt' had. been userl rather than 'rAerofoamtt 1...,, ,,.,

:l ¡,1,:¡,:,::

in the test panels.

Table 3

E"o*p G" Etension

psj. psi psi

ItSt¡rrofo¿¡ntt

llAerofoamtl

75a 6?_5

?-1A /*51,

850

330

the rlelamínation, in all but two ísolated cases,

r,¡as such that the load bearing faee separated

from the ItAerofoamtt insulation and the non-bearing

face, The two exceptions happened for about

2 feeL at the bottom of panels 4 - 1 and- 6 - Z.

In both cases, the |tAerofoamil insulation had

a joint at the spot r,rhere it separated from the

non-bearing face" It is for thÍs reason that

the author recorruinend.s the use of continuous

pieces of insulatíon in the manufacturing of

load bearing sandwich panels.

r r :': : i':- :: :: 
.::'
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6.7 Load Predietion

It is the beLief of the author that the A. C. I"
r/h\31 ','.

formula, Fu. = .2 ft 
" L1 - þo t .) J, is realIy not

applÍcable for design loads on l-oad bearing

sandi'¡Ích panels. The results shown in Table 1 , 
;,,,,::.

show thai the only way to get reasoirable values i.i'i

for F" is to use the entj-re panel thickness as fult .,..
tu in the forrmrla. This leads to safety factors, U* ,

which vary from 1.58 to 4.1O, with 20 of 31

falling under the value of 3.00.

The use of this forrnula for design pì.rposes would.

raise the question as to what to use for the

value of t"" As has l:een stated, reasonable

values of F" result i+hen the entire panel thickness
h

is used as t". The t" values range from 12.80

io 26.20 for these cases. C¿rrying this idea

to an extreme, it r,rould be quite possible to

design a panel r+hich had a very thi_ck insulation

core, but relatively thin concrete face, and

hence a fairly low Ç ratio. This would lead

to a fairly high I vaIue, vhen, in fact, the

1t+2



panel may not be safe uncler that particular

design l-oad.

A more reasonable approach towards a design

fornula appears to be the use of a modified

version of Dr. E. Krynickrs fozrnula for f"*.
Using one half of f", as a desígn loads yields

safety factors as shor,m in Table Z. These values

range from 1 .62 to 6"60 r"rhere only 5 of 31 ur"

below 1"00 and { of these fÍve are above 2.60.

The vafue of 1.62 comes from test panel g - 3t

t¿hich as has been prevíousJ-y stated, clelaminated

and failed at a very 1or.r stress and is not

belíeved to have been an average test paneJ-"

The author r¡ould therefore like to propose, for
design, the use of:

f*cr
f. _T
- cres].gn

which gives a mean s¿fety factor of /r.31 for
this series of tesis.
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Table 2

P.{NEL firtrt .5 f cr S. F.

noi_- - -v-v+----Þ9] - ---
9-1
Q-)

9-3
10- 1

10- 2
10- 3

2-1
2 -21
2 -22

?.?-65

235a
2015

2685
3505
3765

2770
2855
'2100

3850
3635
/+O9O

2885

2350
2680
2180

2885
)).7q
3720

3975
3560
1180

203O
2195
2935

2515
2680
2680

762
759
760

6z/,
6zz
6?J+

738
7/r8
7L1

2.98
3.10
2.6/n

lu.3O
5.O2
6"02

3.76
3"80
2.8/r

618 6"2/*
618 5.96
618 6"6a
618 1,"6S

739 3.18
7/+1 3.62
7/+7 2.92.

615 /,.6s
615 3.To
615 6.04

738 5.38
7/,3 Ä..78
733 1.62

610
6t+
618

3.32.
3.56
ln.7 /+

') É.a

3.70
2.72

5 "62
6.38
6"30

8-1
8-2
B-3
5 -11
5 -tz.
5-2
5-3
7-1
f7a

rya

1r-z
/r-3

6-16-z
6-t
3-1
?-)
3-3
1-1
1-2
1-3

71lr
72¿,
720

608
6a3
603

3/+2O

385o
3805
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ó.8 CoOe Restricti_ons

Load bearing sanrh,rich panels go unmentioned 
.,, :,,,,_:-' :'in both Canadian and ,merican building codes.

The closest the codes come to load bearing

sandwj-ch panels is to rnention load bearing walls. 
r:,,,;,,,.,:

The lJational Build|ng Code of Ca¡ada 19655, ,:ì,'r-Ì.,,

places the folloving restrictions on load bearing i.ì...,.,
i .:.:. : '.:.ì

v¡alls:

,,4.5.8.3 ( 1 )

(a) for walls subject to compression

over the uhol-e of the eritical section the average

compressive stress shall not exceed

rc = o. zz.5 t," l, - h)']

rvhere h = verti cal dístance betr¡een supports

t = thickness of walls

(4) Bearíng waIls shaIl have a thÍckness

of at l-east 1/25 of the unsupported height or

wid.th, whichever Ís the shorter. fl
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The A. C. I. counterpart to the lJ. B. C. formula

for compressive stress has been discussed in

sections J and 6.7. These formulas differ by

12.51", due strictly to the use of 0.200 fte

in the li. C. ï. fornula and 0.225 fr" in the

N. B. C. formula. The comments made in sections

5 and 6.'7 on the A. C, I. foruula also apply

to the N. B. C, formrla.

f I r'-\ 31
In order to get a positive value from the þ - \aO t/ J

part of the forrmlla a nj-nirnu¡r t of more than

2"4, 3.0, and ).6 inehes must be used on 8,

10, and 12 foot panels respectively, Using a

t of 1/25 of the unsupported height results

in minimum t values of 3.8/+, /+.8O, and 5"76

inches for the 8, 10, and i2 foot panels res-

peetively. This restriction al-one would allov¡

the use of only the three I foot panels which

had a 4- inch load bearing face.

As is apparent frorn the panel test results, all
of the panel-s carrled substantial J_oads, and

could definitely be used to advantage in the

i:::i-:il: .i 1.
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construction industry,

It appe¿rs to the author that the current code

restrictions for load. bearing wa1Is are not strictly

applicable t'o load bearing sandwich panels.

1t+7



VIf. CONCLUSIONS f ì

rhe equation F = (.2 or .225) r," lr - (#n)'-|
is not applicable to J-oad bearing sandwj-ch panels.

The results obtained are overly conserv¿tive and

in some cases yleld. negative values to panels

which had a fairly high ultimate strength.

A modified version of Dr. E. I{rynickÍrs equation

for the critigal stress per:nrnni_ng foot,
'cr_ (nr )* D Ð_ti = F;Gæï¡ gave r¡uch more reasonabie

results when applied to the test panels., T,his

equation can be'readily applied after a simple

lab test has been perforned to obtain the value

of the shear modulus of the core material, G".

The use of one half of the value obtained from

Dr. E. Krynickits equation, as a design stress,

appeared to give relatively good. safety factors

to alL panels tested.,

The results of the tests perfornred on both the
rrStyrofoarnrr and trAerofoamlr core naterial suggest

tire use of frst¡mofoa¡ntr in load be¿ring sandÌ^¡ich

148



panels, due to its higher GO value of 0.625

ksi, as compared to O.J+5/r ksi for ilAerofoamn.

There was no narked change in the load. carrying

abilities of panels which had variations in
height of frora 96 to 1/+/+ ínches, or variations in
h_
ttr of fron 12 to 27¡ or variations in the

reinforcenent ratio in the load bearing face

of fron 1 to Z to 3.

The results of the panel tests themselves indic¿te

the practicality of using load beqring sandwich

panels.

l: :r,:::ì

1., ,1 ,. :
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vIï I .. REC0I',0@NDATI0NS

It is the reconmendation of the author that further

tests on load be¿ring sandlrich panels of simílar
.h

and increased height, and Ç r¿tios be conducted to:

f
Substantiate the r"" ofåI as the design

stress per nrnnipg foot.

, Investigate panel behaviour r.¡ith more

and different kinds of shear connectors.,

Investigate panel behaviour with steel

ratios lèss than that allowed by the code.

Investigate the effeet of creep and

shrinkage on delamination and deflection of

panels under long term loading.

Investigate the long tern effect of high

varj-ations in termperature on the outside face of

the panels.

The author r¿ould also like to recomnend the

consideration of adoption of load bearing sandwieh

panels into the codes along v¡ith their or¡n set

of design restrictions.
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IX. APPBND]OES

9.1 Appendix A: Load - Deflection Readings

Guages 1, 2, and 3e were on the Load bearing face.

Guages /n, 5, and 6, were on the non-load bearing faee.

Guages 1 and { were on the centerline of the panel, 6

inches d.or¡n frorn the top. Guages 3 and 6 were on the

centerline of the panel, 6 inches up from the bottom.

Guages 2 and J were at the center of the panel.

The data had to be broken dor^rn before the stress vs

deflection graphs could be drawn. The movenent

of guages 1 and 3 had to be aver¿.ged to see how

their motion affected the movement of guage 2.

ff their notÍon was in the sane direction as that

of guage 2 the aver¿ged value lras subtracted from

the guage 2 re¿ding. Tf the aver¿ged value of gu¿ges

1 and 3 was in the opposite direction as that of
guage 2 it was added to the gu."ge 2 reading. The

s¿ñe procedure w¿s followed ri¡ith: gpages /+, 5, and 6.

The final difference between the guage 2 and guage

5 reading 
'ras also plotted on the stress vs defrectiom

graphs.
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Pane1 9 - 1

Poqred - July 25/69 Tested - AuguJt 7/69

LOAD

ACTIIAJ, .STRESS

GI}AGE ,REÀÐTNGS

PUMP

0

4a,Q
6po
899

190q
1?oQ
14qo
1600
1899
?000
2?O9
2/+OA

0
1,0.00
15.00
2o.oo
2l+,25
?8.28
3?.32
36,36
lro./+o
l+/n11¿+

/n8,L1
52 J8

. .,l']

0
.42
.62
.83

1 .01
1 .18
1.35
1.51
1.69
1.85
2,O2
2,18

r i':;

'5-00
-a3
-06
_09

-12
-21
-25
-33
-h1
-49
_65

5-r!

:lO-00
'-93

-5;4- ,-6.5

-80
11-O2
' '. 

-2'4
-6:2

12-11+

-66
13-91
15-23

,-

6-00
'-10

=27
-tr}
-'5t+
-7Ö
-7'5
-82
-87
-92

7-o3
7-18

5,-90
'/+-98

=95
-9lr
=86
-lg
168
¿56
:4ç
.33
_05

3.77

1 5-00
1L¿69

-ro
,;lo7
'-26
:ø2

13292
:39

12¿88

'3L
1 1:05
e-ij

3r00
2:91

-75
,62
-49
-22
:16
:o'5

1-91+
rs5
r59

1¿31

.'.1 l: i

t..l

1ì5',2



Panel 9 - 2

- July 29/69

IOAD

PUMP ACTUAL STNESS

Tested - August 11/69

GUAGE NEADINGS

(inches x to-3)
osiki-osksi12?L56

0
400
ó00
800

1000
1 200
1400
1600
1800
2000
2200
2400
2200
24AO
2600

0
10.00
15.00
20.00
2t+.25
28.28
32.32
36.36
44.¿rO
lrl+.M
lr8./r1
52.38
lr8.lr1
52.38
56.35

0
./+2
.62
.83

1 .01
1 .18
1.35
1.51
1.68
1.85
2.O2
2.18
2.02
2.18
2.35

6-00
-06
-11
_15
_19
_23

-26
-29
-32
-37
'1+1

-/+8
EE

-59
6-65

10-00
-/+O

11-13
-l+/+
-8/+

12-17
-57

13-o5
_65

1/+-45
15-t+5
16-60
17-62
19-62

5-oo
-o5
-10
-18
-21+
-32
-38
-/r5
-53
_bt
-80

6-05
-34
-36

6-61

7-00
6-95
_89
_83

-78
-73
-68
-62
-54
-l+l+
-31
_15

-01
5-92
5-77

10-00
9-6o

-21-
8-83
-lrq
_09

7-73
-30

6-83
_19

5-38
4-38
3-24
2-1/*
0-10

1 2-00
11=93

_85
ñn

-68
-59
-50
-l+0
-)1
-03

10-78
-/+3
_03

9-93
9-55

:,: '
:l.l
-ì:.:
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Panel 9 - 3

Pourecl - July 2S/69

LOAD

ACTUAL

Tested - August 12/69

GUAGE READINGS

(inches x 1o-3)

0
/*00
6oo
800

1000
1200
1250
1 200
1150
1 100
1200
1400
1600
1800

0
10.00
1 5.00
20.00
2/+.25
28.28
29.29
28.28
27.21
26.26
28.28
32.32
36.36
/+o./*o

STIìESS

0
.l+2
.62
.83

1 .01
1.18
1.22
1.18
1 .1tr
1.10
1.18
1.35
1.51
1.68

7-00
6-95
_87
_73

-6+
-56
-lr5
-/r5
'lr-lr
-M
-/+3
-/+O

''-3/*
6-25

12-00
11-/r5

-o4
10-13
9-5a
-o2

8-21
-10
-00

7-9/+
_85

-lrZ
6-luz
5-o3

20-00
19-85

-71
-46
-26
_o2

18'52
-51
-l+8
-t+6
-/r5
'37
-20

17-gB

1-00
-08
-17
-35
-116
-55
-6t-
_65
_65

-65
-66
-70
-77

1-86

1.. ::

l. l: t.ll

t.:..:..: l:,'.
¡: ì¡:i:::rl
irì:ì.ü;1

5-00 5-00
-51 -16
-91 -356-8t- -617-tr3 -898-02 6-19

9-71 8-00
-Bt+ -o5
-95 -1510-00 -2A
-08 -2/+
-50 -5/,11-Z*g g-29

12-80 10-80
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Panel 10 - 1

Poured. - July 29/69 Tested - August 1t+/69

JPAD

ACTUAL

GUAGB iìEÀDINGS

(inches x 1o-3)SÎRESS

0
/*00
600
800

1000
1200
14Þ00

1600
1800
2000
2200
2lr)o
2600
2800
3000
2800
3000
3200
3¿rOO

3600
3800
4000
/+2OO

/+J+OO

tr6o0
4800
5000
5204
5lroo
5600
5800
6ooo
580o
óooo
6zoo
6ooo
6zoo
5600
5500
5/+OO

5375
1+93o

0
10.00
1 5.00
20.00
2/+.25
28.28
32.32
36.36
lro./r0
l+/r.U
/+8.1+1

52.39
56.35
6o'32
6l*.zg
60'32
64.29
69.51
72.73
76.95
81.17
85.39
89.36
93.31r
97.32

101.30
105.27
1o9.21
113.15
117.09
121.03
12/+.97
121.O3
12/r.97
128.81
121r.97
1 28.81
117.09
115.12
113.15
1 13.00
103.90

0
.21
.31
./+2
.51
.59

it'..67
.76
.81+
o2

1 .01
1.09
1.17
1.25
1.31r
1.25
1.3/r
1 .tr3
1.52
1.60
1.69
1.78
1.96
1.91+
2.03
2¡11
2.20
2.28
2.36
2./+/þ
2.52
2.60
2.52
2.60
2.68
2.60
2.68
2./+-¿,

2./r0
2.36
2.36
2.16

4-00
-o2
-06
-10
-1./,,

-18
-21
-24
-28
-31
'3/+
-36
-to
-40
-42
-lr3
-U+

t<

-/+6
-/+7
-/+8
-/r9
-51
-53
-5/*
-55
-58
-58
-60
-61
-62
-63
_65

-65
_67

-67
-69
-73
-7/+
-7/+
-7/,,
-77

3-00
-18
-38
-65
-90

/+-13
-3/+
-56
-81

5-o3
-27
-l+8
-ó8
_87

6-o9
_25

+38
-/*9
-66
-8/+

7-O1
-27
-50
-80

8-05
-l+0
-8/+

9-12
-L8
-92

1 0-50
11-19

-60
-Q)

12-65
13-12

-60
15-/+8

-80
16-12

-32
17-Og

/*-00
-02
-10
-2/+
-31+
-lr3
-/+9
-57
-6/+
-69
-76
-83
-88
-9/+
'9tr

5-oz
_03
_05

-06
-08
_15

1{

'31
-36
-46
-55
-72
-80
-93

6-04
-21
-39
-52
-ot
-81+
-96

7-10
-6/+
_75

-83
-89

8-14

5-00
4-98
-95
-9t
-97
-83
-80
-76
'58
-51
-/r/,
-)t
-31

-20
-1/+
-12
_09

-06
-01

3-96
_89

-82
-75
_69

-60
-l+8
-/rz
-3/+

4?'

-i8
_o7

-o2
2-97
_85

-80
-7/+
-61
-58
'58
-57
-52

15-00 12-O0
14-82 11-98

-60 -87
-32 -69
-09 -5613-86 -fi
-66 -t+o
-/+3 -3lr
-16 -2?12-94 -22
-69 -1/+
-lþ7 'O5
-25 -00
-o3 10-90

11-86 -85
-69 -76
-58 -72
:/r/, -66

a^ /a-)1 -o¿
'13 -5lr

10-93 ' -/-/+
.it.¡ 

^ 
t-t{ -)4

-43, -2o
-17 -119-9o 9-96
-56 -81
-o9 -568-82 -/.3
-/r3 -217-99 8-99
-/+1 -716-75 -39
-3/, -215-98 -o4
-26 7-67

/+-77 -60
-30 -3lr3-lr9 6-tr6
-19 -312-90 -22
-71 -131-96 5-73

l. t:rr.rÌ;
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Panel 10-1(contt)

GUAGE AEAD]NGS

' -..1

-77
-78
-78

/r-78

-10
-22
-/r/,
-97

18-60

_14.
_17

-22
-30

8-+5

-51
'50
-/+8
-/r3

2-38

-95
-83
-59
-ol+

o-/r3

-71
-67
-57
-/+1

5-12

PUMP ACTUAL STRESS (inches ,T 1O-3)psikiosksil2_?4(6

4900
5000
5200
Stroo
56ao

1o3.28
105.27
109.21
113 .15
117.O9

2.15
2.20
2.28
2.36
2. /t/þ
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Panel 10 - 2

Poured - JuIy 30/69

LOAD

ACTUAL STRESS
kÍps ksi

lested - August 20/69

GUAGE AEADINGS

(inches x to-3)27L56
PÏNVIP
psi

00
1100 10.00
6oo 1j.oo
800 20.00

1o0o 2t+.25
1200 28.28
1400 32.321600 36.361800 4o.t+o2000 lrlr.u
2200 /r8./r1
uoo 52.38
2600 56.35
2800 60.32
3000 6tr.zg
32OO 68.51
3lnOO 72.73
3600 76.95
3800 81.17
4000 85.39
42OO 89.36
/rJr00 93.3t+
tr60o 97.32
/+800 1o1.3O
5000 1o5.zz
52A0 109.21
5troo 113.15
5600 11?.Og
5800 121.O3
6ooQ 124.97
5750 12O.O5
5t+50 11t+.16
5600 117.o9
5800 121.03
6ooo 1zt+.97
6zoo 129.81
6t$o 132.6/+
6300 130.73
66oo 136.t+7
6800 1/+o.jo
66jo 1j7./+8
6800 1t+0.3o

0
.21
.31
.lrZ
.51

Ão

.67

.76

.81+

.93
1.01
1.09
1.17
1.25
1.3/+
1./r3
1.52
1.6a
1.69
1.78
1.86
1.91+
2.O3
2.11
2.20
2.28
2.36
2.M
2.52
2.60
2.50
2.39
2.t&
2.52
2.60
2.68
2.76,
2.72
2.95
2r93
2.86
2.93

5-00
/+'95

-91
-81
'8/+
-80
-77
-75
-72
-70
-68
-66
-65
-6/+
-63
-62
-61
-60
-59
-58
-57
-57
-ro
-55
-5/+
-5lr
-53
-53
-52
-51
-51
-5o
-5o
-5o
-/r9
-/+8
-/+8
-/+8
-/+8
-/+7
-/þ7
-47

14-00
13-29

-11+
12-gg

-88
_73

-63
-53
-/+o
-31
_25
_17
_03

11-98
-92
_85

-78
-71
-6+
-56
-40
-35
-27
-18
_o5

10-99
_89

-81
-71
-59
-/+3
-16
-10
-06
-00

9-90
_79
_73

-61
-/+7
-32
-26

/r-00
3-63
_63

-62
-62
-63
-6lr
_65

-66
_69
_73

-77
-78
-80
_83

-86
-88
-91
-9/+
-97
-97

/r-0o
-o2
-o7
-10
-1/,þ

-18
-22
-26
'3o
-28
-2/+
-2/+
_25

-27
-30
-35
-35
-/+O
-M
-ü
-L1

1-00
-06
-11
-15
_19
_23

-27
-30
-33
-36
-37
-40
-lQ
'l+3
-M
-45
-/+6
'/+7
-l+8
-lr9
-51
-q)
-53
-51þ
-55
-56
-57
-58
-59
-59
-ot
-62
-63
-63
-63
-6+
-6/+
-64
-þ,
-66
-66
-66

2-00
-61
-71+

-87
-98

3-11
-20
-31
-39
-l+6
-52
-6/+
-77
-80
-86
-90
-96

/+-00
_05

-12
^Ê

-31
-35
-lþ1
-51
-56
-63
-70
-76
-88

5-o5
-35
-l+0
-/+3
-/+8
-51
-61
-67
-78
_87

6-o2
_09

5-00
-16
-20
-22
-)a
-22
-20
_23

-20
-15
_09

-03
-01

lr-95
-90
-86
-81
-80
-78
-72
-73
-68
-67
-59
-59
-53
-51
-45
-/+3
-35
-37
-42
-/+1
-¿rZ
-35
-36
-3o
-31
-21+
-22
-)4
_24
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PanellO-2(contt)

LOÄD

ACTUAL STRESS

GUAGE READTNGS

â
(inehes N 10'

7000
6700
6600
6800
7000
7200
Ttroo
7600
7800
7600
7/r0o
7300
7100
7000
7240
7l+0O
7600
7800
8000

1M.1lr
138.38
136,1*7
1lr],30
1lrlr.1/r
148.O9
152.o5
156.01
159.97
156.O1
152.05
150.07
1/+6.12
1M.11*
1/+8.09
152.Q5
156.O1
159.97
163.93

3.o1
2.88
2.85
2.93
3.O1
3.O9
3.17
3.25
3.33
3.25
3.17
3.1lr
3.O5
3.O1
3.09
3.17
3.25
3.33
3./r2

-46
-/r/,
-/r/,
'/+4
-lrl,
-43
-lr3
-lrZ
-41
-40
-38
-38
-36
-36
-36
-35
-35
-35

l+-3/-

_12
8-66
-56
-/+9
-38
_15

7-97
-65
-22

6-80
-2)
_19

5-77
-60
-l+8
-33
-11+

tr-87
¿þ-23

-/r5
-36
-3lr
-3/,
-35
-38
-lr0
-l+O
-39
_29
_17

-11+
-06
-o3
_o2
_42

-00
3-98
3-91

-62
_69
_69
_69

-70
-71
-71
-72
_73

-75
-76
-76
-78
-78
_79
_79
_79

-80
1-80

-22
_73

-8/+
-90

7-01
-18
-35
-66

8-0/*
-l+0
-88

9-o3
-lr8
-61+
_75

-90
10-10

-38
11-A5

_19

-2q
-32
-30

-26
_23
_19
'2¿t
-35
-/ß
-51
_62

-66
-66
-65
-66
-67

/r-7/+

- 1.:
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Panel 10 - 3

Poured - July 28/69

LOAD

ACTUAL

Tested - Aug. ?1/69

GUAGE..'READTNGS

'a
(inches X 10--,)

a,0
/+}o

i:6e0
',800,

1000,
12AA
U+øA'
1600
1800
2000
2200..
2000"224:
7:/+0Øi,:

2200
a;00
2600
2800
3000
3200
3400
3óoo
3;4oO
36Oi,ø',

38oo
4000
3800
4000
l+ZO0

4l*oo,
/+6oa
/+800
5000'
l+2oo'
/*6oa
/Þ800

5000
5200
5tro9
5600
58oo

', 0
'10.00
15'.oo
20.00
'2/r.25
'.28.28
'32;.32
'36.36
l+o./+o
M./,1+
/r8./r1
M./rJ,
48.1r1
52'.38
h8.l+1
52.39
56.35
60'32
6l+.29
68,51
72.73
76.95
72.73
76.95
8f .17
85.39
81..17
85.39
89.36
93.31+
97.32

101.30
ïa5.2'7

89'.3,6
9v'32

101.r0
105.27
1o9.21
113.15
117.o9
121.03

,0
''.21

.31
::./+2
..51

.59

.67

.76
".8/+

.93
1.01
,:.9j

1 .01
1..09
1..01
1.O9
1.17
1.25
1.31r
1./r3
1.52
1.60'
1'.52
1.60
1:'69'
1.78
1.69
1.:79
1.86,
1.94
2.Oi3;
2.11
2.20
1;86
2¿A3
2;11
2.20
2.28
2.36
2./r4
2.52

4-00
3-91+

-91
_gg
_85

-8x,
-V8
_75.

-72'
-70
-68
-68'
-67.
-66'.
-66
-66.
_65,

-6t+
-63;"
-62
-Ol
-60
-60,
-60
-59
-59
-59,
-59;
-58'
-5i8'
-5,8'
-57'
-56'
-56'
-,J;(¡,
:56
-56
-56
-56
-56
-55

1 5-00
1lr-59

-39
-1,1r

lYgt
-82
-71
-63
-60
'5i5

'" 43
-38
!37'
-40
-36
-36
-38't-/¡0'

'lr3
' -lú4,

-47
-51

"-/16

'/i7
'L51'
-56

' 84.

-53
-58
.-6j
-68
_75,
-8i'

,''-59
-.59:,.63

-ó8
-7/+
_82
'92

1/r-O3

4'00
3-91
-86
-78
-78
-V5
-79

r 
=B/*
-gg
-95
-.99
-97
-97

t'O5
-O|.
-O5
-11
-18
;)4
-31
-3?'
-lr5
-/r3'
4/+
-51
-59
-58'
:-59
_65

-72
-?8
-86
-94,
.8/+

-83
-87
-92
-99

5-06
-1/+
-22

7'OO
-1'1
-Ilr
¿20

'26.31
-35
'39
-/r2
-/+s
-/t8
.lrg
-l+8
-49
-¿+9
-50
=50
-51
-52
-57
-53
-5/+
-51+
-5:/+'
-55
-55
-55'

EE

-56
t5,6
.56
-56
;.5,6

'58
-57
¿57

-57
-57
-57
-57
-57

10-0O 15.00

'35 ;08
¿54 ''¿1.1¡

-77 -18
-90 ¿19

11.:00 tl:i
.09 ¡1O
-1à :07
=i/, 1/r-ggu1l, -94¿24, .gr
-47 ''92.-27 -gt.
-25 .82
;28 -83
-28 -82'
-23 -i6.19 -6i6-12 ..60
-10 -52
-O3 ''/t8'10-99 -38

11-Ot+ -39.-Oj -37'
1o-9ti -3i'

-88 -21
":92 , '.22'
-91 -21.
-s3 !18''-'16: 

-o;ï'-6,6 -o'/+
-58 13-95'
-tr7 -8.6.
:73 -96
-7¿+ -96'
-ó8 ''92'
-62 -s5
-53 -75
-/+1 -71
-28 -60
-15 -55
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'::':'ir.l

Panel 10-3 (contt)

LOAD

PUI'IP å,CTUAL STRESS

GUAGE NEADTNGS

(inches x 1õ3 )
nsi lrins ksi 1 2 i L 5 6

6ooo
6200
6lroo
6600
6800
7000
7200
6800
7200
7t+00
?600
7800
8000
8200
8400
8200
8000
7800
8200
8/+oo
8ó00
8700
8800
Szroo
8200
8/+00
8600

6000
7000
7200
7l+00
7600
7800
8000
8200
8/*oo
8600

12t*.97
128.81
132.6/+
136./rl
1l+o.3o
1l¡4.11+
1l+8.o9
1l+o.3o
1+8.O9
152.05
156.O1
159.97
163,93
168.06
172.20
168.06
163.93
159.97
1ó8.06
172.20
176.3/+
178./+1
180./+8
172.20
168.06
172.20
176.31+

1Ztlr.97
1 /+:/,r.1 lt
1l+8.o9
152.05
156.o1
159.97
163.93
168.06
1',12.20
176.3t+

2.60
2.68
2.76
2.85
2.93
3.O1
3.O9
2.93
3.A9
3.17
3.25
3.33
3./r2
3.50
3.59
3.50
3.1*2
3.33
3.50
3.59
3.68
3.72
3.76
3.59
3.50
3.59
3.68

2.60
3.01
3.O9
3.17
3.25
3.33
3.42
3.50
3.59
3.68

-55
-55
-55
-55
-55
-54
-54
-5lr
-51+
-51+

-53
-53
-53
_53

-5lr
Êt

-5/+
-51+
-51þ
-51+
-51+
-55
-55
-56
-58
-58
-58

-58
-58
-58
-58
-58
-58
-59
-59
-59

3-60

-15
-21
-38
-51+

-70
-89

15-11
-13
-21
-35
-58
-87

16-27'
-77

17-28
'l+7
-55
_63

-81
18-02

-54
19-19
2O-13

-88
21-30

-61
22-O6

21-39
-80
-99

22-13
-37
-57
-81

23-Ol+
-37

23-79

-30
-39
-l+6
-58
_69

-80
-93
-93
-98

6-08
_19

-33
-50
-71
-92
-95
-98

7-00
-10
-21
-39
-62
-93

8-12
_24.

-38
-56

7-81
8-01

-11
-22
-2)
-u
-58
-71
-87

9-o3

-52
-57
-57
'57
-57
-56
-56
-56
-56
-56
-5t,
-5/+
-53
-51
-l+8
-/+8
-/þ8
'/+6
-116
-l+5
-lrZ
-39
-36
-36
-36
-36
-36

-37
-l+o
-39
-39
-39
-38
-37
-36
-36

7-35

-03 -u
9-91 -32.
-77 -26
-61 -11
-lrt- 12-97
-u -88
-01 -73
-00 -728-93 -65
-77 -54
-5O -lr5
-18 -277-79 -03
-27 11-76

6-78 -5tr
-59 -50
-52 -t+6
-/16 -1.3
-25 -29
-o2 -155-t9 10-88

tr-85 -57
3-91 -18
-21 9-99

2-80 -86
-47 -661-98 -t+7

2-79 10-38
-37 -13
-17 9-98

1-97 -8?
-77 -7t+
-56 -59
-3O -/r5
-06 -31o-72 -13o-27 8-93
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Panel I - 1

Poured - July 23/69

LOAD

Tested - Oct. 2/69

GÛAGE NEADTNGS

6-00
-19

_25

-3o
-36
-42
-4t
-61
-ó8
-75

6-86

7-00
-78

8-03
_29

-52
-77

9-09
-/r-1,
'81+

10-12
-l-8

1 1-08

7-OO
_16

-22
_29

-35
-43
-55
_69

-78
-80
-83

7-93

6-00
5'-73
_69

-62
-55
'l-9
-lrO
-)o
-18
-11
-01

tr-96

1 3-oo
12-20
11-gt+

-61+
-39
_12

10-77
-39

9-95
-65
-28

8-63

2-00
1-78
-69
-58
-48
-37
-22
-06

0-86
_79

-71
o-56

PUMP ACTUAT STRESS (inches X 1O':3)psi kios ksi 1 _ 2 a -4. a 6

0
/r0o
600
800

1000
1200
1400
1600
1800
2000
2200
2trjo

0
10.00
15.00
20.00
2/+.25
28.28
32.32
36.36
lro./+0
lrlr.lrlr
lr8./*1
52.38

0
.lrz
.62
.83

1 .01
1 .19
1.35
1.51
1.69
1.85
2.02
2.18
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Pa¡e1 I - 2

Poured - July 22/69

LOAD

PU¡4P ACTI]AL STAESS

lested, - Oct. 10/69

GUÄGE NEADINGS

(inches x lo-3)
nsi k'ìns ksi 1 2 7 L 5 6

0
400
6oo
800

1000
1 200
1/*OO

1600
1800
2000
2200
2lroo
2600
2800
3000
3000
3200
3000
2900
2825
2800
1975
2200
uoo

0
10.00
1 5.00
20.00
2l+.25
28.28
32.32
36.36
/+a.40
/+/r.l+l+

48.1r1
52.38
56.35
6o'32
6/r.29
6L.zg
68.51

,:6/+:29

62.30
60.82
6o'32
1r3,93
lr8.ln1
52.38

0
./r2
.62
.83

1 ,01
1 .18
1.35
1.51
1.68
1.85
2.02
2.18
2.35
2.51
2.68
2.68
2.85
2.68
2.59
2.53
2.51
1.83
2.02
2.18

2-00
1-96
-91+
-93
-93
-9lr
-93
-91.
-93
-91
'91
-90
-86
-81
_73

'56
'l+O

-27
-22
-18
_17

o-96
-91

o-6/+

1/*-OO
13-56

-39
_25
_15

-09
-00

12-92
-86
-78
-71
-60
-/.5
-26

11'52
10-08
8-70
7-92
-38

6-99
-90

lr-lrg
3-95
1-98

6-o0
5-l+5
-36
-30
-28
-)4
-22
_23
_23

-30
-36
-l+Z
-/r9
-58
-6t
-59
-55
-52
-51
-/r9
-lr9
-l+O
-39

5-26

5-oo
-00

l+-97
-97
-93
-9lr
-Qt
-90
-88
-86
_85

-85
-86
-90
*98

'.5=1'5

-32
-)<
-lr9
-53
-51+
_82
_87

6-'t1

6-00
-lr5
-60
-72
_80

-88
-93

7-o3
_09

-20
-27
-38
-52
-72

8-42
9-81+

11-35
12-09

_69
13-07

-16
15-65
16-18
18-1 5

6-oo
-5o
-62
-70
-75
-76
-76
-71
-67
-5o
-40
-33
-21+
-10
-00
-01
_05

-06
-08
-10
-10
_23

-¿)
6-31
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Panel I - 3

Poured - July 2/r/69

LOAD

PU},IP ACTUAL STRESS

Tested - Oct. 8/69

GUAGE AEADTNGS

(inches x 1o-3)
osikipsksil2iL56

0 0 0 6-00 ?-00 5-00 12-00 12-00 6-00
i+00 10.00 .lr2
600 15.00 .62
8oo 20.00 .83

1000 2/+.25 1.01
1200 28.28 1.18
1/100 32.32 1.35

1800 /ro.4o 1 .68
2ooo /r/-.1-/, 1.85

1600 36.36 1.5t 7-o7 12-32 -62 -65 6-St 3-94

-3O 8-28 -t2 11-67 10-70 5-5A :...:1:
-l+O -91+ -78 -5/+ -O/+ -10 ::,' iir:.r.-r::

-5O 9-61 6-06 -t+O 9-35 /r78 ';::'r:lìi':::

-62 10-15 -21 -25 8-28 -56 :

-78 -83 -3lr -06 -10 -36 i,::r,:,,,tiì,-;,.,

-90 11-M -/r5 1o-gg 7-l+6 -2O :':'::': ì:i

-26 13-/15 -85 -40 5-38 -60
-55 15-30 7-25 -o3 3-/r5 -o517OO 38.38 1.60 7-58 15-60 7-30 g-gS 3-2o 2.-98
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Panel 5 - 1l

Poured - July 25/69

LOAD

ACTÏTAI

Tested - Sept, tr/6)

STTESS

GUAGE RBADINGS

(inches X 10-3)

0
400
600
800

1000
1 200
llroo
1600
1800
2000
2200
2lrOO
2600
2800
3000
3200
3t+0o
36ao
3800
/+000

4200
4lrOO
460o
4800
5000
5200
5/+0o
56oo
5800
6ooo
6zoo
6troo
66oo
6800
7000
6e5o
7200
7/+00
7600
7500

0
10.00
1 5.oo
20.00
2/+.25
28.28
32.32
36.36
lro.lro
l*/r.M
lng./+1

52.38
56.35
6o.32
6/4,.29
68'51
72.73
76.95
91.17
85.39
89.36
93.31*
97.32

1O1.3O
1Q5.27
109.21
1 13.1 5
117.O9
121.03
12t+.97
128.81
132.6/+
136.1r7
1lro.3o
1 t+¿n.1 l+

1lrl.z6
1/+8.09
152.O5
156.o1
15/r.o3

0
.21
.31

'/+2
.51
.59
.67
.76
.8/+
.93

1.01
1.09
1.17
1.25
1.3/+
1./r3
1.52
1.60
1.69
1.78
1.96
1.9/+
2,O3
2.11
2.20
2.28
2;36
2. /p/1,

2.52
2.60
2.68
2.76
2.85
2.93
3.O1
2.95
3.O9
3.17
3.25
3.21

6-00
-00
-00

5-99
-98
-96
-95
-9/+
-Qt
'92
-9o
-90
-90
_89

-88
-88
-8?
-86
-8ó
_85

-83
_83

-83
-82
_82

-82
-82
-81
-80
-81
-80
-80
-80
-80
-78
-78
_79

-79
_79

5-?7

1 1-00
10-82

-70
-l+8
-33
_23
_13

-o5
9-98
-90
-82

t'r7,

-71+
-72
-70
-66
-60
-59
-55
-50
-116

-39
-36
-30
-20
_15
_15

-08
8-85
_79

-45
-39
-31
_25

-11+
7-92

-7/4,
-6/+
-5o

7-19

5-oo
4-91
-86
-76
_73

-70
-68
-68
-68
-68
-70
-71
_75
_83
_89

-9lr
-99

5-06
-10
_15

-19
-21
-26
-)q
-30
-35
-/+1
-lr5
-lr5
-50
-5o
-52
-55
-58
-61
-59
_62

-6lr
_65

5-59

2-00
-01
-01
_o2
_o3
_o5
_o5

-06
-06
-o7
-08
-10
-10
-12
-13
-11+
_15

-16
_15

-16
_17

-18
-18
_19

-19
-20
-20
-20
-20
-20
-21
-22
-22
-22
'21+
-u
_23

-2/+
-25

2-25

9-00 6-oo
-16 -0?
-28 -10
-t+8 -16-62 -zo
-73 -22
-81+ -?-3
-93 -24.10-03 -23
-1) -))
-2O -19
-25 -16
-27 -11
-28 -03
-29 5-94
-31 -88
-35 -83
-3/+ -75
-39 -70
-l+o -6t+
-/a -60
-/+5 -58_50 _55

-55 -51
-65 -5o
-68 -¿rj
-69 -/nz
-82 -t+o
-99 -3911-08 -35'lr5 -06
-55 /+-98
-62 -95
-70 -91
-82 -8512-09 -90
-27 -85
-/*0 -92
-55 -8/.12-93 /,-gg

i ..:....
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Panel 5 - 1Z

Poured - July 25/69

LOAD

ACTUA],

Tested - sepf. 5/69

GUAGE READTNGS

(inches x 1o-3)

400
6oo
800

1000
120A
1/+00
1600
1800
2000
2200
2/+0o
2600
2800
3000
3200
3troo
3600
3800
4000
/+200
4t*oo
/+600
/+800
5000
520A
5/*0o
5600
58oo
6ooo
6eoo
6t+oo
6600
ó8oo
7000
6800

1 0.00
1 5.oo
20.00
2l+.25
28.28
32.32
36.36
lro.l+0
lrlr.M
l+8./*1
52.38
56.35
60.32
6lr.zg
69.51
72.73
76.95
81.17
85.39
89.36
93.3/*
97.32

101.30
1Q5.27
1o9.21
113.15
117.O9
121.O3
12/r.97
128.81
132.6t*
13,6./+7
140.30
11r4.'lln
1/+O.3O

.21

.31

./+2

.51

.59

.67

.76

.8/+

.93
1 .01
1.09
1.17
1.25
'l.3lr
1./r3
1.52
1.60
1.69
1.78
1.96
1.91+
2.O3
2.11
2.20
2.28
2.36
2.M
2.52
2i:.6o.
2.68
2.76
2.85
2.93
3.O1
2.93

5-00
-00

4-99
-97
-97
-96
-95
-95
-93
-o)
-Q)
-9t
-91
-91
-90
-90
-90
_89
_89

-88
-88
-88
_87

-87
-87
-86
-86
-86
-86
-85
-85
_85

-g/,þ
-81+

/r-83

1 2-00
11-93

_73

-53
-/+O
-28
-16
_o2

10-89
-76
-6/,1
-/r9
-36
-21
_o5

9-89
-71
-5t-
-35
-15

8-go
_75

-55
-35
-o7

7-79
-51
-31
-01

6-7t+

-/+7
-12

5-68
-27

/r-85

6-00
5-98
-81+
-71+
_69

-67
_65

-61+
-6lr
45
-66
-68
-68
_69
_69

-70
-68
_67

-66
-65
-o¿
-60
-59
-cA
'56
-53
-50
-/r9
-45
-4/r
-/+0
-37
-28
-2/+

5-17

2-00
-00
_o2

-o3
-44
-Ol+
_05

-06
-06
_o7

-08
-08
-08
_09
_09
_09
_09

-10
-10
-10
-10
-11
-11
-11
-11
-12
-12
_.t2

-12
-11+

-13
-13
-11+
_15

2-15

9-00
_o7

-27
-/ç7
-59
-72
-81+
-98

10-1 1

_25

-36
-50
-62
-76
_93

1 1-10
-28
-/r5
-65
-81+

12-O2
-21
-l+o
-58
-83

13-o9
-35
-51+
-83

1lr-Og
-35
-68

15-to
-lr9

15-91

5-00
_02

-10
-15
_17

-18
-18
-18
-18
_15

'11+
-11
-10
-08
_07
_05
_o5

-04'
-o2
-o2
-o2
-Ol+
-o5
_o5

-o7
_og

-11
-1t+
-16
_09

-12
-lÞ
-33
-38

5-l+5
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Panel 5 - 2

Poured - July 23/69

LOAD

PU}{P ACTUAL STNESS

Tested -
GÜ.A,GE READINGS

(inches x lo-3)

Sep+,. 9/69

0
400
600
800

1000
1200
1/+00
1600
1800
2000
220A
2l+oo
2600
2800
3000
3200
3troo
3600
3800
4000
lQOO
l*lroo
/+ó00

4800
5000
48oo
5000
5200
5lroo
5600
5800
6000
6zoo
64,00
66oo
6800
7000
7200
7lrOO
76oo
7800

0
10.00
1 5.00
20.00
2/+.25
28.28
32,32
36.36
lro./ro
u.¿rlr
/r8./r1
5?.38
56.35
6o'32
64.29
68.51
72.',|3
76.95
81,17
95.39
89.36
93.3/+
97,32

101.30
105.27
101.30
105.27"
109.21
113.1 5
117.09
121.O3
12/+.97
128.81
132.6/,
136./+7
1/r0.3Q
14/+.1/+
1/+8.09
152.O5
156.o1
159.97

0
.21

'31
./+2

'51
.59
.67
.76
.81+
o?

1 .01
1.09
1.17
1.25
1.34
1.43
1.52
1.60
1.69
1.78
1.96
1.9/+
2.03
2.11
2.20
2.11
2.20
2.28
2.36
2.4Á,
2.52
2.60
2.68
2.76
2.85
2.93
3.01
3,O9
3.17
3.25
3.33

6-oo
-00

5-99
-97
-95
-9lr
-90
_89

-88
_87

-86
-85
_85

-8/+
-83
_83

-82
-81
-81
-80
-80
-80
-79
-80
-78
-78
-78
-78
-78
-77
-79
-78
-76
-76
-76
-75
_75

4É.

-75
-75
-75

12-00
1 1-98

-93
-81+
-78
_73

-59
-51
-51
-51
-50
-50
-/+8
-/+9
-/-9
-51
-53
_54

-55
-58
-62
-52
-50
-51

-39
-l+O
-/+5
-l+8
-5o
-5/r
-58
-56
-60
-55
-6t
-68
-65
-72

7-00
-01
-o3
-06
-11
_15

-21
_25

-)5
-/*5
-55
-62
-68
-76
-80
-90

8-01
-06
-11
-22
-3o
-32
-lvO
-l+8
-55
-51
-55
-62
-70
-80
-88

9-03
-03
-1t+
_25

-2)
-/r5
-52
_65

1-00
-o2
_o3
_05

-06
-09
-10
-12
-13
_12

-15
-15
_17

-to
_17

-18
-18
-18
_19

-18
-20
-20
-20
-20
-21
-21
-21
-22
-22
-22
-22
-22
-)?
-)2,
_25

-25
-25
-25
-tq
_25

5-00 8-00
-01 -o2
-0t* -01
-11 7-go
-15 -89
-25 -83
-27 -76
-33 -65
-34. -60
-32 -52
-39 -/rz
-39 -35
-t+1 -29
-40 -18
-/+2 -1/+
-/+1 -09
-39 6-97
-4,0 -89
-38 -83
-35 -72
-32 -66
-1*3 -58
-/+8 -5/+
-/r8 -lr3
-51 -35
-63 -/+o
-61 4s
-58 -30
-55 -21
-50 -10
-/rz -o2
-¿þ2 5-93
-lr3 -82
-/+o -72
-t+o -60
-33 -51
-28 -tro
-28 -3o
-20 -?.O

-12 -o5
-01 /r-90

i.,r.lr.:.-l

-75
_89

-79
-85
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Panel5-2(contt)

LOAD

ACTUAL

GUAGE NXADINGS

(inches x to-3)STn3SS

8000
7500
7600
7500
7800
8000
8200
8400
8600
8800
9000
9200
8900
9200
9l+oo
9600

163.93
15/r.O3
156.O1
154.O3
159.97
163.93
168.06
172.20
176.34
18A./+8
181+.62
188.63
182.50
188.63
192.6/+
196.65

3.1*2
3.21
3.25
3.21
3.33
3.1*2
3.50
3.59
3.69
3.76
3.85
3.93
3.81
3.93
4.02
ln.09

_75

-73
_73

-72

-72
_73

-72
-72
-72
-72
-72
-71
-72
-72

5-72

-90
_15

-18
-01
-Ol+
_05

-12
-12
-?Jr
-35
-l+8
-o¿
-22
_29

-)Q
1 1-10

10-02
9-93
-98
-95

10-02
_09

-20
-28
-/$2
-58
-7/+
-Q)
-99

11-16
-35

1 1-68

_25
_25

-26
-26
-¿o
-26
-26
-lO
-28
-28
-28
-28
-28
-28
-28

1-28

lr-95
5-69
-68
_83

-78
-76
-70

-6t
-/+9
-35
-?)
_65

-60
-60

5-78

-7/þ
-82
-78
-82
-72
_65

-q)
-lr2
-28
_og

3-85
-65
-59
-37
-1/+

?"-74

iii.]r,.'iì,
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Panel 5 - 3

Poured - July 23/69

LOAD

ACTUAI

Tested - Sept. 11/69

GUAGE NEAÐINGS

(inches x to-3)STRESS

0
lro0
6oo
800

1000
1 200
1/+OO

1600
1 800
2000
2200
2/+OO

2600
2800
3000
320A
3400
36oo
38oo
4000
/+2OO

/rl+0o
/+6oo
4þ800
5000

0
10.00
1 5.00
20.00
2/r.25
28.28
32.32
36,36
lro.lro
/r/u. /*lr
1+8./+1

52.38
56.35
60'32
6lr.z9
65.51
72.73
76,95
91.17
85.39
89.36
93.3/r
97.32

101.30
'l05.2l

0
.21
.31,
. /+2

.51

.59

.67

.76

.810,

.93
1.01
1.09
1.17
1.25
1.3/,
1.+l
1.52
1.6A
1.69
1.78
1 .96
1.9/+
2.03
2.11
2.20

3-00
_o5

-06
-o3
-o2
-00
-00
_o2
_45
_09

'1/t,
-18
-22
-28
-33
-39
-/r5
-50
-5?
_65
_69

-79
-90

/r-O3
/r-12

5-oo
-t+1
_65

-77
-q)

.,6+a9
_25

-l+6
-68
-90

7-o9
-9Q
-45
-60
-80
-98

8-15
-33
-50
_75

-95
9-18

-l+8
-78

10-12

6-00
-10
-18
-22
-26
-30
-38
-/r8
'57
-65
-70
_75

-80
-81
-88
-90
-92
-9lr
-97

7-02
-0/+
_07

-10
-15

7-22

6-00
5-9/+
_89
_85

-80
-75
-71
-66
-62
-62
-51-
-5o
-/þ7
-/+2
-/r0
-35
-?)
-28
-2/+
-19
-15
-10
_03

/+-97
/+-9O

1 1-00
1o-48

-20
-o2

9-83
_65

-50
_29
_07

8-83
-60
-lrz
-21
_07

7-82
-65
-/+5
_25
_10

6-85
_65

-M
-12

5-82
5-50

7-00
6-73
-60
-5o
-40
-30
-'t2

5-95
-78
_65

-52
-/r5
-35
-3o
-20
-11+
_o5

-00
-12
_05

-00
_12
_o5

-i0
5-o3
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Panel 7 - 1

Poured - July 1S/69 Tested - Sept. 19/69

LOAD

ACÎUAL STRESS

GUAGE NEAD]NGS

PUMP

0
/-00
600
800

1000
1 200
1/+OO

1600
1800
2000
2200
2/rO0

0
1 0.00
15.oo
20.00
24.25
28.28
32.32
36.36
l*o.lro
/tJ*./rl*
48./r1
52.38

0
./r2
.62
.83

1 .01
1.19
1.35
1.51
1.69
1.85
2.O2
2.18

6-00
5-38
-35
-30
-"o
-26
'21.
-22
-18
-10
-06

/r'95

12-OO
1A-70

-l+1
-Ol+

9-82
-/r5
-16

8-82
-21

7-59
6-92
5-65

6-00
5-92
-88
-78
-75
-68
-65
-6¿
-6o
-5/+
-52

5-35

2-00
-59
-6/+
-67
-68
-70
-72
-76
-80
-86
_89

3-olr

7-00
8-21
-lr4
-68
-81+

9-16
-/rlr
_75

1o-32
-90

11-5s
12-go

5-00
-10
_12

-22
-26
-35
-/+3
-37
-/+1
-/+7
-50

5-68
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PaneL T - 2

- July 21/69

ioAl)

PT]MP ACTUAÏ, STNESS

Tested - Sept. 29/69

GUAGE NEÂDTNGS

(inches x 1o-3)
psikipsksi123L56

0
400
6oo
800

1 000
1 200
1/+00
1600
1800
2000
2200
2/rO0
26A0

0
10.00
15.00
20.00
21r.25
28.28
32.32
36,36
lro.lro
lrlr./¿,
lr8. lr1
52.38
56.35

0
.l+2
.62
.83

1 .01
1.18
1.35
1.51
1.68
1.85
2.O2
2.18
2.35

5-00
lr-lr0

-/+2
-M
-35
-35
-39
-l+a
-/r5
-52
-5o
-50

L-63

9-00
7-74
-/-6
-18

6-97
-76
_65

-l+8
-36
-06

5-6o
_05

L-3L

6-oo
5-85
-80
-75
-72
-70
-75

-80
-75
_65

-55
5-90

2-00
-60
_63

-63
-62
-60
-55
-53
-/+5
-/+Z
-/+0
-36

2-32

6-00
7-Olr

-3/+
-62
-80
-98

''8:21+
-/+0
_64

-90
9-/+3
-98

1 0-89

6-oo
-20
-30
-l+O
-lr3
-116
-u
-/+5
-36
-t+6
-53
-65

6-7/+

.'::.1
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Panel 7 - 3

Poured - July 17/69 Tested - Oct. 1/69

IOAD GIIAGE NEÄDTNGS

2-OO
_15

-u
-31
-l+O
-/+8
-61
-7/+
-92

3-08

7-OO
-68
-99

8-28
-55
-88

9-26
-78

1o-43
1 1-08

6-oo
-o2
_o5

-o7
-12
-15
-20
_/,rj

-58
6-65

7-00
6-72
-60
-51
-lr3
-32
-16
-00

5-78
5-55

1 1-00
1o-30
9-99
-68
-38
-0/,þ

8-63
-06

7-38
6-v,o

6-00
5-85
-78
_73

-6lr
-61
-5t+
-21

t+-87
/r-72

1_.:::,:: i :::

PUMP ACTUAL STRESS (inches X lO-3)psikipsksiliaJ<6

0
/+oo
600
800

1000
1 200
1/+00
1600
1 800
2000

0
1 0.00
15.00
20.00
2l+.25
28.28
3?.32
36.36
/+O./*O
/n4.U+

0
./+2
.62
.83

1.01
1 .18
1.35
1.5t
1.69
1.85

171



Panel 4 - 1

Poured - July 22/69

IOAD

ACTUAL

Tested Sept 12/69

GUAGE AEADTNGS

(inches Xr:lO-3)

0
/+oo
600
800

1000
1200
1/+OO

1600
1800
2000
2200
24OO
2600
2800
3000
3200
3/+OO

360o
3800
/+000
/+2OO

/r./*oo
/+6oa

4800
5000
5200
5/+OO

0
10.00
1 5.00
20.00
2/+.25
28.28
32.32
36.36
lro,lro
/r/*. /*/r
Ir8,/r1
52.38
56.35
60'32
6lr.zg
68'51
72.73
76.95
91.17
85.39
99.36
93.31r
97.32

101.30
105.27
109.21
113.1 5

0
.21
.31
./rz
-51
.59
.67
.?6
.81+
.93

1.01
1 .09
1.17
1.25
1.3/r
1.1*3
1.52
1.60
1.69
1.78
1 .86
1.91r
2.O3
2.11
2.20
2.28
2.36

1-00
o-95
_89

-85
-0¿
-80
-80
-82
-85
-90
-95

1-00
_07

-11
1ö

-)q
-31
-39
-/+6
-58
-68
_75
_85

-96
2-08
-18

2-38

6-oo
-38
-58
-78
-96

7-1t,
-28
-/*/+
-58
-72
-88

8-04
-20
-35
-52
-68
-86

9-a9
-38
_65

-93
10-18

-/r9
-80

11-1 5
-53

12-05

5-00
-12
-1/+
_12

-08
-o5
_o2

4-98
-95
-Q)
-90
-8ó
_85

-79
-78
-76
-76
-80
-80
-85
_89

-90
-95

5-oo
-o/+
_09

5-18

5-OO
/r'98
-98

5-O2
_02

-00
4-95
-90
-81+
-7/+
-65
-55
-/16
-35
-)q
-12
-01

3-90
_73

-58
-l+lr
-30
_13

2-98
-84
-66

2-/+2

1 1-00
10-63

-/Ð
-20
-00

9-8lr
-68
-5/+
-35
-18
_02

8-84
-o)
-52
-31
-15

7-92
_65

-l+O
_o5

6-72
-49
_12

5-80
-l-8
_05

/*-50

8-00
7-70
-80
-77
-75
-t4
-72
-72
-68
_69

-68
_65

-65
_73

-71
-7/+
-70
-62
_65

-57
-50
-5t+
-/+5
-38
-lrO
-32

7-20

::]:i
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Panel lr - Z

Poured - July 21/69 Tested,- Sept. 17'/69

PUMP

I,OAD

ACTUAL STFESS:

GUAGE NEADINGS

(inches, X 1or3)

_...f :.i
t,: '.', 1

00
400. 10.00óoo 15¡oo;
800 20..00:

1000' 2/+.25
12AO 28,."28"
1/+OO 32.3216oo 36.36.
1800, lr}.tr}
2000 4/+./u/+
2200 /*8../r1
zt+oo 52.382600 56.36'28oo 6o.32
3000 64.29
32OO 68.51
3¿tjo' 72.73
36oo 76,;95
3800 91.17 ,

/,.000 95.39
/+?0o 99.36
/r.l*O0, 93 ¿3A./+600 97':32,
4800 : 1O1:;,3O
5000 105,;'27.
5200 109.,21,.,

3-00 7-00
2-8/n "':25

-81 , -/+5
-73' -63
-67 -80
-6/+' -98'
-62t, 8-19
-62" -/*1
-62': .65
-68 9-a4
-14, -30'
-78 -5t6,
-83 -79'
-96' 10-02_90,, _23

-95 -/+63-00, -71"'
-07 -97
-42 11-23.
-19 -55'
-3o -95
-38 12-30
-/+7 -7O'
-55 13-11
-70' -60,

3-9+ 1/+-25'

12-00 6.00
11-7Q 5-55.

-/r8.... -75'
-29 -?o
-1!, -6510-92 -5s'
-7o' -5o
-l-3 -38-16' -279-71 -1't+
-/+1 -07
-15 -o38-91 4-98
-67, -95
-/*/r' -95
-21 -957-95 -91
-7o -92
-/+Z -92
-11 -876-6s -s,-34' -78,5-i96' -76,.,-52' -68'
-o5 -75/"-/+o' lr-zg

0,
.21
.31'
.42'
.51 

'

.59i

.67

.76,

.84,

.93
1.01 '

1 ¿O9'
1'.17
1.25
1.3/+'
1;/g ,

1 ¿52
1.60
1.69
1,78
1 .86' ,

1.91+
2.03'
2.11
2:.20'
2.28

5-00
-13
-22
_29

-3i3'
-38
-47
-55
_63

-75
-82
-86
-90
-92
-9/','
-96
-98'

6-02
_o5

-08
-15
-18:
_25

-32''
-l+ô'

7-O2

7-00
-a4
-12
_15:

-21
-22
-26'
-26
_25

-15 ,

-08
-01 ,

6-93
-s5'
-75'
-6:7,
-5L
-/r5
-35
-25
-11
-OO.

5-e2
-80
-6lr'

5-35

ìr'l$

:-..;
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Panel /, - 3

Poured - July 1S/69 Tested - Sept, 1S/69

GUAGE READINGS

(inches x 1o-3

0
/*00
600
800

1000
1200
1/+OO

1600
1800
2000
2,20A
2/rOO
2600
2800
2600
2800
3000
3200
3/r00
3600
3800
4000
/+2O0
lrlro0
/$oa
/+800
5000
5200
5lrOO
5600
5800
ó000
6zoo

0
1 0.00
'l 5.00
20.00
2/+.25
28.28
32.32
36'lo
lro.lro
/rlr.U
/r8./*1
52.38
56.35
6o'32
56.35
60'32
6lr-zg
68.51
72.73
76.95
81.17
85.39
89.36
93.3/,
97.32

101.30
1oã.27
109.zt
113.1 5
117.O9
121.03
12/r.97
128.81

0
.21
,31
'/+2
'51
.59
.67
.76
.81+
.93

1 .01
i.09
1 .1"1
1.25
1.'17
1.25
1 .31,
1./n3
1 -52
1.60
1.69
1.78
1.9ó
1.91+
2.O3
2.11
2.20
2.28
2.36
2.M
2.52
2.60
2.68

6-00
-o6
_09
_15

-20
-28
-30
-35
-39
-/*O
-/+1
-/r/+
-/+2
-/r3
-44
-/+O
-/+0
-/r1
'lrZ
-/Q
-/r3
-40
-lvO
-39
-38
-35
-35
-30
-tq
-22
-18
-16

6-10

U',-00
13-8o

-60
-/-6
-3o
-16
_07

-00
12-90

-80
-75
-oè5
-55
-/Ð
-/+1
-39
-32
-30
_25
_19

-10
11-95

-90
-81
_74

-62
-4)
-38
-15
-o/,Þ

10-92
-78

10-65

6-00
5-88
-80
-76
-70
-66
-66
-68
-71
_73

-76
-80
_85

-öo
-81+
_85
_89

-92
-95
-96

6-00
-o3
-44
-06
-1C
'1/+
-15
-19
-21
-21
_25
_25

6-28

3-00
"-o?
-91
-88
_85

-80
-80

nd
4E

-75
_73
_73

-72

-78
-78
-76
_75

-75
_75

r', È.

-lÓj78
-80
-öl
_85
_85

-90
3-o/-

"-oo
3-O1

-01+
3-12

5-00 6-00
-20 -10
-36 -18
-¿r9 -22
-65 45
-79 -l+o
-88 -/+1
-9/+ -/+2

6-08 -/.3
-15 -4/.
-22 -/*O
-33 -38
-40 -35
-/r/r -30
-55 -31
-58 -31
-59 -30
-60 -25
-6/,, -?.1
-71 -2o
-78 -18
-93 -167-00 -1t+
-06 -10
-14 -07
-25 -05
-35 -0/,þ
-/+9 -02
-68 5-99
-78 -96
-9o -928-02 -908-1ó 5-59

AClUAL

17 U



Panel 6 - 1

Poured. - July 1/+/69 Tested - Aug. 26/69

LOAD

ACTITAI STNESS.

GUAGE READTNGS

(inches X 1o-3

0
/*00
6oo
800

1000
1 200
1/*OO

1600
1800
2000
2204
uao
2600
2800
3000
3200
3l+oo
3600
3800
L0oo

0
'10.00

1 5.00
20.00
2l+.25
28.28
32.32
36.36
lro.lro
U./r/r
lr8./r1
52.38
56.35
6o -32
6tr.z9
68 -51
72.73
76.95
81.17
85.39

0

'/+2
.62
.83

1 .01
1 .18
1.35
1.51
1.69
1.95
2.O2
2.18
2.35
2.51
2.68
2.85
3.o3
3.21
3.38
3.56

2-00
1_93

-90
-89
-88
_87

-86
-86
-86
-85
-85
_85
_85
_85

-85
-85
_85
_85
_85

t-85

5-00
/r-7O

-58
-l+8
-/*3
-37
-32
'32
-33
-38
-5o
-56
-66
-75
-83
-90

5-O1
_19

-ltO
5-76

2-00
1-92
-91
-9lr
-98

2-a5
_13

-26
-36
-53
-7/+
_89

3-1o
-28
-/+5
-63
-81+

/r-08
-31

tr-62

4,-00
-06
-08
_og
_o9

-10
-11
_11

-11
-11
-11
-10
-10
-10
_09

-08
-o7
_o7
_o7

lr-06

1-00
o-76

-66
-57
-53
-/+8
-lr5
-/,1*
-/16
-)b-
-68
_74.
_85

-95
1-O/,

-11+
-27
-/+7
_69

2-o6

6-00
5-9/,,
-92
-86
-79
-68
-59
-l+7
-33
-11+

l+-91
-t)
-41
-13

3-9lr
_69

-lr2
-10

2-80
2'/+2

175



:.::::-lr;i:+:È!i4-.e7;;;

Panel 6 - 2

Poured - July 16/69

LOAD

PUMP ACTUAL STFESSpsi kips ksi 1

Tested - Aug. ?S/69

GUAGE NEADINGS

(inches x to-J)
21L56

0

400
6oo
800

1000
1 200
1/+00
1600
1800
2000
2200
2lroo
2600
2800
3000
3200
3/+0o
360o

0
1 0.00
1 5.oo
20.00
2/+.25
28.28
32.32
36.36
lro.lro
lrlr . /r/r
/r8./r1
52.38
56.35
6o-32
6lr.zg
68.51
72.73
76.95

0
.42
.62
.83

1.01
1 .18
1.35
1'5t
1.69
1.85
2.O2
2.18
2.35
2.51
2.68
2.85
3.O3
3,21

6-00
5-98
-98
-98
-98
-99

6-00
-00
-o2
-o2
-o3
-o/+
_o5

-06
-08
-10
-11

6-15

1 1-00
10-88

_85
_85

-91
-99

1 1-10
_23

-38
-52
_67

-87
12-O5

-3o
-55
_85

13-36
1lr-ZO

5-00
t+'91

-91
'96

5-o7
-20
-37
-58
-80

6-01
-27
-50
-72
-98

7-22
-l+8
-82

8-17

2-00
-02
_o3
_o3
_o5

-o5
_o5
_o5

-06
-o6
-06
-06
-06
_o5

-o5
_05

-O/+
2-O2

1 1-00
_o7
_o7

-o5
10-99

-90
-78
-o¿
-47

-13
9-93
-73
-l+8
-21

8-92
-36

7-lr8

6-00
-06
-00

5-91
-78
_65
..l+8

-28
-O/+

/r-81
-5o
_23

3-97
-76
-31+

-o2
2-58
2-13
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Poured - July 15/69

I,OAD

PUI{P ACTTIAL STAESS

Pane1 6 - 3

Tested - Aug. 29/69

GUAGE READINGS

(inehes x lo-3)
þsi kÍgs__ ksi _ 1 ? ? ¿ _ q 6

0 0 0 3-00 6_oo 6_00 6_oo 8_00 7_00
: /+00 10.00 ./r2 _o7 _65 _Ot+ 5_55 7_36 6_g9

t,,i.' 600 15.00 .62 -21 g-0? -23 -|.g 5-gz -69i:,,;. go0 20.00 .83 -63 11-25 _6i _óó 3_77 _jtr1000 u.25 1.01 3-71 13-gO 6-93 /167 0-g8 o-iz
''..: ..: '..', ':

177



Panel 3 - 1

Poured - Juty 15/69

LOAD

ACTI'A],

Tested - Sept. 2/69

GUAGE READTNGS

(inches X 10-3

0
400
600
800

1000
1 200
1/*00
1600
1800
2000
2200
2lroo
2600
2800
3000
3200
3t+oo

0
1 0.00
15.oo
20.00
u.25
28.28
32.32
36.36
/no.lro
lrlr. l+l+

/r8. /r1
52.38
56.35
6o.32
6lr.zg
68.51
72.73

0
.21
.31
./+2
.51
.59
.67
.76
.81+
.93

1 .01
1.09
1.17
1.25
1.3/*
1./r3
1.52

3-00
_12

-18
_24.
_29

-32
.-35
-38
-/+O
'/+2
-/r/r
-lr5
-/+8
-50
-52
-55

3-57

7-00
-30
_29

-81
8-06

-30
_54.
_75
L98

9-25
-1i7
_73

1o-03
-)1
-68

1 1-18
11-go

/+-oo
-09
_15

-36
-/*7
-5/+
-ot
-66
-70
-75
-78
-81
_85
_8li
-93

5-o3

6-00
5-85
-77
-68
-60
-54
-/Ð
-lr5
-l+1
-37
-33
-30
-28
-2/,,
-22
-19

5-20

9-00
845
-l+5
_10

7-8/r
-61
-33
-12

6-89
-62
-38
-12

5-82
-54
-18

tn-69
3-95

5-00
/r-88
_e5
_65

-55
-lr8
-lrz
-36
-32

-u
-2/r
_23

4Ê

-t2
tr-16

178



Panel "3'- 2

Poured. - July ,16/69

LOAD -

AO,TTAL STRESS:

TeSted '-'Seþ,t. 3/69

GUAGE.'AEAEINGS

-,{(ínches X 10 -

0
400
60-Q:

80Q:
1000,
1200,
1/+09'
1600
1800
2000
22AO
2l+QP

2600
2800,
309,Q,
32A0
349,o
3690'
3800
4009
42oç
4/+9.Q,,
/*60-.Q,-r

4800,

0
10.o,0,'
15¡00'.
20.0.0,,
2/+:¡25,
28.'28,,
32..32,
36¿36
lro.lro
/4,_,M
/+8e,l+:1,

52.38,'
56,35 ,

6a.32
6lu,z9
68.51
72¿73
76';95
81.17.
85,;99
89,;'36
93.34
97'.32

101,,30

0
.H':
.)'¡'
.l+2
.51'',
.59
.67
.76.
.8[+
.93

1 .01
1.09
1.1',7
1.25
1.31,
1 .lr3
1.52
1.60
1.69
1.78
1.96
1 .91+'',
2.03: '
2.77

3-00
:ß7 i

-05'_
_o7

-o9',-:
-10',;:
-1'7',
_1.2

-1k .

_15

-16'
-18:
_19 .

-20: ''

-22
a/'

-l0t
-)Q+/

-30 '

, -31,.
-31+
-3/+'
-30 '':^

-39'
3-/r0 '

10-00
_25

-39
-59
_75

-91'
11-12

-3-1'
-48
-68
_87

12-O8'
-26
-/+8'
-80

13'56,
-88

1lr-22'
-60

15-14
-6ln

16-06
-73

17-72,

5-00
_05

-13
-1.7
-20
_25

-30
-33
'3/+
-35
-35
-36
-38
-44
-4/+
-60
-6/+
_69
-72
-81
-90,
-97'

6-10
6-32

7-00
6'92
-g/i'
-91'
_g?.'
-95""
-62'
-79.
-,15 ,

-71.
-6S
-61+
-60
-57
-511,
-/r8
-Llr
-troi'
-38
-35
-32'
-36
_23

6-20..

12-OO'
11-?2

-62,',
-36,
-21'
-o5"'

10-86'
-69.,
-51
-31,
-1l+:''

9-93i
_75:.

-53'
-21'"

8-lnz
_13

7-76-'
-35,'

6-81
-3/i.'
-a6.

5-z5l
l+-25'

:: '- . : .

ó-00
5-91-';
-88
_87

-85'
-81,' '

-70
-?0'
-70'
-71'
_73 ,

-72'
-71
-7lr
-62
-/*S:'
-l'4
-lr1'',' .

-3;,8:"'
-rg::'l '

-227,"
-l¿
-03"

4-88i

179:::



Panel 3 - 3

Poured - July 17/69

LOAD

AOTUAL

Tested - Sept. 2/69

GUJTGE READINGS

(inches x 1o-3)STRESS

0
400
600
800

1000
1200
1t+oo
1600
1800
2000
2200
2/+OO

2600
2800
3000
3200

,3/+0o

36oo
3800
3800
/Þ000
/þ2OO

J*l+oo

l+6oo
4800

0
10.00
1 5.00
20.00
2/+.25
28.28
32.32
36.36
lr}.l+O
/+l+. /+/r
l+8.¿r1

52.38
56.35
60.32
6lr.zg
68'51
72.73
76.95
81.'17
85.39
89.36
93.3tr
97.32

101.30
1Q5.27

0
.21
.31
./+2
.51
.59
.67
.76
.84
.93

1 .01
1.09
1.17
1.25
1.31+
1./r3
1.52
1.ó0
1,69
1.78
1.96
1:9/þ..
2.O3
2.11
2.20

6-00
5-97
-93
-91
_89

-88
-86
-87
-8lt
-82
-81
-80
_79

-78

_75
arÈ

-75
-72
-71
-70
-7O
-68
_65

5-65

9-00
8-89
-71
-50
-28
_11

7-95
-80
-75
'51
-/+5
-35
_25

-18
-06

6-95
_85
_73

-6o
-46
-31
-18

5-73
-/+1

/r-9O

6-00
5-96
-90
_79

-71
-68
-o)
_65

-65
-68
-71
-77
-82
-88
-91
-96

6-oo
-o/+
-08
-11
_15
_17
_15

-11
6-10

1-00
-01
-10
-18

-35
-lr5
-55
-8/+
-97

2-O5
_15
_23

-33
-/16
-bu
-70
-80
-91

3-o3
_15
_25

-/16
-62

3-83

v-o0
_09

-28
-49
-70
-86

8-01
_15
_29
'/+1
-/16
-52
-59
-6?
_79
_87

-97
9-09

-20
-33
-/$
-59

10-07
-/þ2

1o-92

6-00
-o4
-11
-21
-21
-30
-a)
-32
-)Q
_25
_19
_15

-10
_o5

-o2
5-98
-95
-90
-87
-82
-80
-78
-81
-68

5-69
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P¿ne1 1 - 1

Poured - July 10/69 Tested - 0ct. 2S/69

IÐAD

PUþÍP ACTUAI STNESS

-ÞEi .kips ksi

GUAGE NEADTNGS

(inches x 1o-3)
71,

0
/*00
6oo
800

1000
1200
1400
1600
1800
2000
2200
2lroo
2600
2800

0
10.00
1 5.00
20.00
2l+,25
?8.28
32.32
36.36
/r0.lro
/r/n.14J*

/*8./*1
52.38
56.35
60.32

0
.l+2
.62
.83

1.01
1 .18
1.35
1 .51
1.68
1;85
2.O2
2.18
2.35
2.51

ó-00
-15
-28
-3t,
-2)
-35
-37
-42
-4lr
-/+4

TE

-/+5
-/-3

6-20

15-oo
-00
-01

1/*-93
-8/+
-78
_69

-/16
_23

13-81
-36

12-73
-02

8-00

5-00
-00
-01
-06

/+-96
5-08
_15

-12
-08
-o2

/r-95
_85
_75

4-34

3-oo
2-85
-75
_69

-62
-58
-53
-/+8
-/r/,
-lþO
-37
'36
-39

1-62

i^{-00
-06
-10
-19
-22
-31
-l+1
-r)t
_85

5-22
_63

6-21
_87

10-70

5-00
-00
-00

/+-98
6-35
-3o
-)Q
-33
-55
-68
_79

'9t
-7/+

7-/'^4

181



Panel 1 - 2

Poured. - JuIy 9/69

IOAD

PÜMP ACTUAL STAESS

Tested - Oct. 29/69

GUAGE READINGS

(inches x 1o-3)
osikiosksi127L66

0
/*00
6oo
800

1000
1 200
ltroo
1600
1800
2000
2200
2/$O
2600
2800
3000
2800
3000
2800
2700
2600
uoo

0
10.00
1 5.00
20.00
24,25
28.28
32.32
36.36
lro.lþo
/r,1r. /rl*
/+8.¿,1

52.38
56.35
60.32
61r.29
6o'32
6t-.29
60.32
58.34
56.35
52.38

0
./+2
.62
.83

1 .01
1.18
1.35
1.51
1.68
1.85
2.O2
2.18
2.35
2.51
2.68
2.51
2u,68
2.51
2./+3
2.35
2.18

6-00
_03
_o5

-06
-o6
-06
-06
-06
_05
_o5

-05
-o3
_o2

-00
5-90
-82

5-68

17-00
16-98

_89
_73

-5/-
-3/+
-12

15-86
-58
-28

1/r-96
Èt

13-92
_15

11-/r5
10-75
7-/ro
6-60
5-95
-18

/+-50

/r-00
-00

3-96
-90
-80
-71
-62
_Ê,)

-/r5
-38
-35
-27
-16
-c0

2-73
-68

2-37

2-00
1-96
-92
_89

-86
_83

-80
-78
-77
-76
-70
-71
-72
_73

-79
-86

1-98

3-00
-00
-08
-22
-4,2
-60
-81

t*-07
-33
_62

-9t
5-30
-92

6-66
8-lro
9-O2

12-50
13-20

_75
1/+-5/r
15-22

5-00
/+-96

-99
5-06
_12

-20
-3o
-l+0
-/+8
-53
-55
-OZ
-76
-93

6-25
_29

6-58
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Panel 1 - 3

Poured - July 11/69 Tested - Nov. 3/69

LOAD

ACÎUAL

GUAGE READTNGS

(inches X 1o-3)

0
/*00
600
800

1000
1 200
1t+oo
1600
1800
2000
2200
2/rOO
2600
2800
2700

0
1 0.00
1 5.00
20.00
2/r.25
28.28
32.32
36.36
l*o./*o
l+J+.1+lr

/r8./r1
52.38
56.35
6o.32
58.31+

0

'/+2
,62

".83
1.01
1 .18
1.35
1.51
1.68
1.85
2.O2
2,18
2,35
2.51
2.43

5-oo
l--/+2

-42
-35
-32
-28
-25

-21
_15

-11
-05

3-93
-81

3-80

12-00
10-78

-63
-/+O
-22
-03

9-78
-38
_o7

8-75
-38

7-70
6-6+
5-25
/r-72

6-00
l+-98

-87
-48
-76
-73
_65

-58
-5lr

-/+?
-/+1
-3o
-18

lr-13

3-oo
-62
-62
-63
-o)
-66
-68
-72
-72
-76
_79
_85

-9/+
l+-O5
/r-O5

8-00
9-16
-36
-5o
-72
-90

10-1 5

-61
_87

11-19
-55

12-23
13-25
1tr-66
15-18

7-00
-90

8-o2
-08
-12
-18
-22
-3o
_2,J

-31
-30
-2t
-l+o
-85

8-5s
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Panel 2 - 1

Poured - July 1/+/69 Tested - Nov. tr/69

PUl'æ
psi

IOAD

ACTUAT STAESS
kips ksi

GUAGE NEADTNGS

(inches x 1o-3)
?1,q^

0
400
600
800

1000
1 200
1400
1600
1800
2000
2200
2l+oo
2600
2800
3000
3200
3lr0o
36oc
3800
4000
/+2OA

u00
/+6oo

¿,800
5000
5200
5tro9
56oo
5800
6ooo
6eoo
6lroo
6600
6800
7000
7200
7lrOO
76;ß0

7800
8000
7800

0
10.00
1 5.00
20.00
u.25
28.28
32.32
36.36
lro.lro
l+/*. l+/+

/r8./+1
52.38
56.35
6o'32
6t-.29
68'51
72.73
76.95
81 .17
85.39
99.36
93.3/*
97.32

101.30
105.27
109.21
113.1 5
117.09
121.O3
121r.97
1U.97
132.6/+
136.1*7
1/+O.3O
1 /+1n.1 lr
1l+g..og
152.05
't56.01
159.97
163.93
159.97

0
.21
.31
.l+2
.51

Ão

'6'l
.76
.81+
.93

1.01
1.O9
1.17
1.25
1.31r
1./*3
1.52
1.60
1.69
1.78
1.86
1.94
2.43
2.11
2.20
2.28
1. )Q
2.U
2.52
2.60
2.60
2.76
2.85
2.93
3.01
3.O9
3.17
3.25
3.33
3.1+2
3.33

/*-00
-10
-16
-u
_29

-3lr
-39
-/+1
-lr5
'lr9
-51
-51
-52
-56
-58
-62
-62
-67
-65
-70
-72
-72
_75

-76
-70
-71+
-68
-68
-79
_69
_69

-62
-61
-58
-53
-51
-/+0
-30
_19

-00
3-83

16-00
15-96

-93
-86
-80
-71
-61
-51+
-lr3
-33

-og
_02

1lr=91

-8/+
-77
_69

-57
-/16
'lrO
-27
-13

13-96
_79

-60
-/+5
-20

12-98
_82

-58
-/+2
-11+

11-85
'/+5
-11

10-?8
_13

9-28
8-59
7-5/+
6-60

6-oo
5-89
-81
-70
-6/,þ

-58
-lr9
-¿¿,
-36
-28
-21
-11
-08
-00

/þ-96
-9lr
-82
-78
-7/+
_75

-68
-60
-50
't+0
-31
-22
-06

3-95
-87
_75

-70
-53
'l+o
_25
_og

2-9/þ
-56
-28
-o5

1-71
-51+

ó-00
-08
-11+
-26
-32
-38
-l+lr
-50
-60
-68
_75

-85
-90
-98

7-O3
_05

-11+
-19
-26
-31
-39
'¿,,9

-59
_67

-76
_89

8-05
-18
_29

-lr3
-50
-65
-80

9-00
-16
-3tr
_65

-96
1O-2/þ

_63
1 0-80

6-00 /+-oo
5-86 -02
-79 -o5
-69 -10
-61 -1/+
-56 -20
-50 -28
-/+7 -35-4.2 -u
'39 -5¿+
-35 -62
-36 -7?
-33 -8/+
-29 -93
-2/+ 5-00
-20 -O5
-19 -10
-14 -23
-18 -3/-
-16 -/+2
-1/+ -55
-15 -70
-1/+ -81+
-11 -98
-15 6-60
-11 -29
-18 -53
-15 -75
-1/+ -92
-15 7-1tr
-1/+ -28
-20 -61
-18 -88
-25 B-28
-30 -60
-31 -9/r
-l+O 9-60
-/Ð 10-tr5
-59 11-09
-79 12-09
-99 ß-1a

18¿r



I.OAD

Panel2-1(contt)

GUAGE RBADTNGS

(inches x 1o-3)ACTUAL

7700
7600
7500
7l+oo
7t+00

157.99
156.O1
15/*.O3
152.O5
152.05

STRESS

3.29
3.25
3.21
3.17
3.17

_79
_69

-66
-62

3-60

-26
5-73
-lr5
-18

l+-99

-/+5
-32
-28
_24

1-1lr

6-olr
-16
-20
-2lr

6-27

-/+5 -8/+1/rO5 -96
-33 11-01
-60 -o51lr-75 11-10
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Panel 2 - 2l

Poured - JuIy 9/69

LOAD

ACT1TAL

Tested - Nov. S/69

GI]AGE NEAD]NGS

(inches x to-3)SÎNESS

0
400
600
800

1000
1200
1t+oo
1600
1800
2000
2200
2/rOO
2600
2800
3000
3200
3lrOO
36oo
3800
¿Þ000
l+2oo
/+/*o0
t+6oo

4800
5000
5200
5/+OO

5600
5800
6ooo
6zoo
6troo
6600
6800
7000
720A
7t+oo
7600
7800
8000
8200

0
10.00
1 5.00
20.00
2/+.25
28"28
a1 2.r'

36,;36
40.40.
/rl*.M
/r8.41
52.38
56'.35
6o-32
6/,,.29
68'51
72.73
76.95
81.17
85.39
99.36
93.3/*
97.32

1O1.30
105.27
109.21
113.15
117.O9
121.03
121+.97

128.81
132.61+
136./r7
1t*0.3o
1 /r/r .1 lr
1/+8.09
152.05
156.01
159.97
163.93
169.06

0
.21
.31
.l+2
.51

Âo

.67

.76

.84

.93
1¿,Q1i
1.09
1.17
1.25
1.31+
1 .lr3
1.52
1.60
1.69
1.'/8
1.96
1 .91+
2¿49:
2.11
2.20
2,28
2.36
2.M
2.52
2.60
2.68
2.76
2.85
2.93
3.O1
3.O9
3.17
3.25
3.33
3./r2
3.50

6-00
5-96
-9¿r
-o)
-Q)
-90
_89
_89

-90
-92
-93
-95
-96
-96
-98

6-01
-0/+
-04
-10
-10
-12
-12
-11+
-tb
-18
-1/+
-20
-21
-17
-19
-21
-20
-22
-)q
-25
-28
-32
-31+

-38
-/r5
-l+8

14-00
13-97

-95
-Q.t
_89
_83
_82
_82
_82
_85

-86
-90
¿9/+

-97
1/+-03

-o5
_09

-11
-to
-19
-21
-2/+
-)r7
-3o
-3lr
-35
-/+A
-ltlr
-lr5
-/,,9
-5lr
'57
-61
_67

-72
-80
_87

-95
15-o5

-20
-40

6-oo
-01
-01
_o2

-ol+
-00
-01
-o/+
-o?
-12
_16

-22
-26
-32
-37
-/,rO
-l+7
-l+8
-53
-58
-60
-62
-66
-70
-7/+
-78
-82
_85

-90
-91+

-99
7-o3
-o6
-11
-18
_23
_29

-3/+
-39
-46
-58

/*-o0
3-95
-95
-91-
-95
-96
-95
-Q)
-90
_85
_82
_79

-76
-76
_73

-70
_b)
-61
'58
-55
-51
-51
-5o
-5o
-48
-/+2
-lrO
-36
-/+2
-l+o

-36
-/Ð
-38
-33
-33
-28
_24
_23

-20
-10

2-99

9-00
-00
_o2
_05

-1)0
-to
_18

-18
_18

-16
-13
-11
-o6
-00

8-97
-93
-90
-89
-80
-78
-76
-72
_69
42
-61
-55
-51
-/+8
-45
-/+3

-38
-33
-30
-22
-15
-08
-00

7-89
_79

-6+
-/+3

5-00
/*-95

-93
-90
-88
-90
-87
-82
-'76
_69

-6+
-58
-4)
_,/_5

-l+o
-35
-31
_25

-18
-12
-08
-0/+

3-99
-95
-90
-8ó
-82
-75
-71

l, /

-Ob
-60
-55
-5o
-l+5
-39
-31
-2lr
-16
-11
-00

2-88

"it 
1l

1::::::":
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Panel 2-21 (contt)

PUMP
psi

IOAD

ACÎUAI STRXSS
kips ksi 1

GUAGE AEADINGS

(inches x 1o-3)
3L56

84oo
8600
8800
9000
8800
8650
8600
8500
84oo
8¿00
8000

7700

68oo
6000
5000
4.000
31 00
2000
1600
1000
r 800
6oo
400

0

172.20
176.31+
180./Þ8
181+.62
180.^48
177.37
176.3/+
17/+.27
172.20
172.20
163.93

157.99

1/Þ0.30
121+.97
1o5.27
85.39
66.1+o

M¿M
36.36
2/+.25
20.00
1 5.00
10,00

0

2ÃO

3.68
3.76
3.85
3.76
3.70
3.68
3.63
2ÃO
3.59
3.1r2

3.29

2.93
2.60
2.20
1.78
1.39
.93
.76
.51
./*2
.31
,21

0

-60
-87

16-23
_75

17-t+9
-86

18-19
-U*
-59
-66

19-t+7

_65

-78
-9o

8-10
_¿)
-32
-38
-/+3
-l+6

t?,

-59

-22
6-92
-6lr
-o2

5'3/+
l--96

-66
-l+O
-26
-18

3-38

-55
_62

-71+
'90

7-12
-2/+
-35
-/r/,
-/+8
-51
-76

Nov. 6/69

-9/+

-77
_63

-45
-28
-12

6-9t+
_87

-80
_75

-72
-66

6-62

2Q-06

19-65
_o5

18-lrz
17-83
'. -33
16-81

-61.
-4/r
-2/+
-15
-0/+

15-85

-75
-oJ
-lr5
-2t+
_o7

1-99
-92
-86
_83

-81
-68

-9o
-81
-68
-5o

^a',

-1/,þ
_02

1-92
_87

-81+
-52

-68

-50
-28

7-99
-68
-/+O
-o7

6-93
-85
_69

-71
-60

6-52

-32

-53
'7/+

2-00
-28
-5/+
-79
_s9

3-o5
-11
-18
-26

3-28

2-80

3-1 5
-80

l--/rl+
5-06
-60

6-13
-37
-56
-68
-80
-9t

7-15

-60

'81+
2-10
-lrlr
-$2

3-16
-56
-78
-95

/r-05
_15

-28
/r-/r1
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Pa¡el 2 - 2Z

- J:u]':y 9/69

IOAD

PUMP ACTUAL STNESS

Tested - Nov. 13/69

GUAGE READTNGS

(inehes x 1o-3)
osikiosksil2iLS6

0
/r00
600
800

1 000
1200
1t+oo
1600
1 800
2000
22AO
uoo
260a
2800
3000
3200
3t+00
36oo
3800
4þ000
/+2OO
lrlroo
t+6oo
4800
5000
5200
5t+oo
56oo
5800
6000
6zoo
6/+oo
6600
6800
7000
7200
7400
7600
7800
8000
8200

0
10.00
1 5.00
20.00
24.25
28.28
32.32
36.36
l+o./+o
lr/r. lrln
/r8./r1
52.38
56.35
60.32
6/+.29
68.51
72.73
76.95
81.17
85.39
89.36
93.34
97'32

101.30
105.27
109.21
1 13.1 5
117.O9
121.03
12lr.g7
1 28.81
132.6/+
136.1r7
1t+0.3o
1lrlr.1l*
1l+8.o9
152.05
156.O1
159.97
163.93
169.06

0
.21
.31
./t2
.51
.59
.67
.76
.8/+
.93

1.01
1.09
1.17
1.25
1.3/+
1,/r3
1 -52
1.60
1:69,
1.78
1.86
1.9t+
2.O3
2.11
2.20
2.28
2.36
2.M
2.52
2.60
2.68
2.76
2.85
2.93
3.O1
3.o9
3.17
3.25
3.33
3./r2
3.5o

6-00
-18
_25

-33
'/+O
-l+6
-51-
-62
-72
-81
_89

-95
7-o3
-10
-17
-¿)
-3t
-39
-/+6
-42
-60
-66
-7t+
-8/+
-90

8-00
-04
-12
-20
_25

-35
-l+1
-50
-60
-66
-8/+
-92

9-06
-22
-47
-70

14-00
-o2
_o2
_o2

-01
-01
-o/+
-o3
_03

-06
-06
-o/+
-o3

13-94
-96
-95
'9/+
-90
-90
-90
_87
_89

-90
-90
-q)
-95
-95
-96
-99

14-00
-ol+
-06
-09
-1/+
-20
-ro
-/-5
-5o
-68
-93

15-27

5-00
lr-94
-90
_85
_79
_75

-77
-75
-76
-78
-76
-73
-67
-6+
-59
-55
-5o
-l+2
-4Þ0

-35
-)o
-26
-23
_15

-12
-08

3-95
-92
-82
-72
-68
-60
-56
-53

]E

-38
-?)
_25

23-00
22-81

-70
-60
-/+9
-39
-30
_19

-08
21-96

-88
-80
-72
-6/+
-56
-lr9
-40
-31
_23

-16
-10
-o/+

20-94
_87

-80
_69
_65

-55
'/r3
-38

4E

-18
-08

19-97
-ot
-71
-59
'/r5

6-oo
5-99
-99
-99
-98
-98
-96
'96
-9lr
_87
_85

-8/+
-81+
_83

-81+
-8/+
_83

-81
-80
-79
-76
+7/,
-72
-68
_65

-60
-71
-66
-67
-69
-62
_62

-56
-50
-45
-35
'3o

" -14
lr-95

-66
-3o

6-oo
_o2

-08
-nq
-12
_17

-18
-20
-32
-22
-21+
-28
-3/+
-39
-l-/+
'/.8

Ëa

_65

-ó8
-'11
-82
_85
_87

-97
7-00
_o3
_12

-18
-)4
-35
-38
-lr5
-l+9
-52
-59
-68
-71
-78
-80
-88
-86

-22 -2?
-19 18-98
-20 -72
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Panel 2-22 (contt)

LOAD

PUIVP ACTUAL $TNESS

GUAGE NEADI}TGS

(inches x 1o-3)
nsi kins ksí., 1 2 3 , L I 6

8/+00 172.20 3.59 1O-O2 -80 -3O -35 3-75 -68
8600 176.34 3.68 -50 16-70 -tr5 17-85 2-80 -55
8400 172.20 3.59 10-78 17-20 -57 -57 -3O -/*5

-6/+ -63 17-40 1-95 -38, 84oo 172.20 3.59
;',', '.'; 8300 170.13 3.55
|.' ' 8200 168.06 3.5O

82oo 168.06 3.5O::::,, 8100 166.00 3.116
i:::, :, 8000 163.93 3./r2

-78 -67
-97 3-70

18-/+o

-72
19-O1

-76 -3t+
-55 7-30 I

-1/,,
o-82
o-53
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9,2 Appendix B: Pictures

Pla1,e llo, -,l, Shoi.iing panel -produciion at the Superc::ete pla.ni*

Sho'.ring tension test on 3 j-ncj: ilSi¡n:oioan$ specinen,
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Fle.-be itlo " 5* Shor,'ting
sid-e of

the position of gl-r-ages ou the loail
an I foo'b panel,

bearing

Flate I'j-o" 6" Shor+rng pane] 9 - 2 at failure"



Ptate l,lo. ?" Showing panel- I - 3 ir¡ned.iately be.fore enC of tes¡.

l(J -

193

Plate No. E. Shor,+ing panel. i a',, failure"



Flate 9" Shor,rì-ng panel 10 * 2 durine test.

4^lU *

19 4

Pl-ate l'tro,, 10., Showing panel- J a.t failur.e"



Plate I'lo" 11, Shor+ing panel I * 1 a'b failure"

Plate lrlo" 12" Shor"ring panel I * 2 aft,eî r'enovaj- from the tesi frarne*
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Plate irTo" 13" Shor¡inÊ, panel- I - 3 at fail-ure*

Flaie Tùo" 14. Shoi+ing pane] 5 - 12 at far-luz'e,
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Plate l{o" 15" Shor+ing Fe-ne] 5 * Z at failur"e*

Flaie 1'{o" 1á" Shor.iing paneì_ 5 - 3 at faj.lure"

19 7



Pla'be lio. 17" Shoving panel- 7 - 1 inrmeCiatel]. e-fter failure"

Pl-aie ltio" 18" Shor+iirg panel 7 - 2 at faj-lure*
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Pl-ate l{o. 21" Shor^ring panel l* - Z ¿-t fa:-lur.e"

Plate No" ?2-. Sì:ouing panel 6 - 1 at faj_hrre"
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Plate il'o., 23" Shoi,.'ing panel 6 - Z at fai_l_ure"

Plare I{o" 24" Shouing panel 6 * 3 a,t failu¡e"
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Plate 1{o" 25' Shor.ri¡¡" panel 6 * 3 afte¡ rerûo'r.raf frorn the test frarne"

Pla-:;ç lro" 26. Sh.or,'ing panel j * 1 at failure*

20 2



Plate l{o" ?.7" Shor+ing panet- 3 * ? at failure"

Plate No. 2S* Shor+ing pa.lel l

320

3 during 'r,est,.



P1ate ldo, 29 " Shor+ing panel- 3 - 3 at fail-u-re '

Ë]aie ltio". J0" Sho-..¡ing panel 1 -

2A h

at' faj-lure'



l'{o. 31. $hor+ing panel 1 * ?- ¿t f,r.ilu,r:e.

Flare 'iio" 32. Sho',ring panel 1

520

I cìuring test"



Ptate i{o" 33" Showing panel ?. - 1 during test"

Plate ï'io" 34" Shouing panel 2 -

20 6

2, during tes'L,
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