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PROGRESS REPORT 213G
EXPERIMENTAL TEST RESULTS OF A

SEELL ARCHY ROOF MODEL UNDER
DIFFERENT TYPES OF LOADING

By

Bruno Thﬂrlimenn and Bruce G. Johnston

SYNOPSIS

This report presents a complete record of all measured
values obtained from 9 different tests on a shell srch roof
model (Fig. 1). Strains were indiceted by SR-4 electrical
strain gages and the deflections were measured by means of
Ames dlels with an accuracy of 0.001 in., No interpretastion
of the results 1is madé herein, thls having been done in 4

previously published Progress Reports 213C to 213F.

1. Reported Test Cases:

Nine different experimentsl load cases sre reported,
earranged in the following order:
(1) Appendix to Progress Report 213C*
Test Results for 3 cases of Lateral Losds on s
Model of an Arch Roof.
T-1: "Uniformly" Distributed ILoad
T-2: Two Concentrated Loads at the Center
T-3: One Concentrated Load Near the Quarter Point
of the Span

¥ In Progress Report'QISC, p. 20 reference to these 3 cases
1s made.
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(2) Appendix to Progress Report 213D¥
Test Results for Simulsted Dead lLosd end Uniform-
ly Distributed Live Loed over the Helf-spsn on &
Model of an Arch Roof,
T-4: "Dead Load"
. T-5: "Unifermly" Distributed Live Losad.
(3) Appendix to Progress Report 213E*%
Test Results fof a Model of an Arch Roof Under
Horlzontal Foundation Movement and End Rotation of
the Abutments.
T-6: Horizontal Foundation Displacement
T-7: End Rotation of the Abutments
(4) Appendix to Progress Report 213F%¥¥
Tests Resulte. for a Model of an Arch Roof under
two cases of a Concentrated Losad.
T-8: Concentrated Losd on the Middle Rib at the
Center of the Span
T-9: Concentrated Losd on an Exterior Rib at the
Center of the Span
In the following the tests will be referred to by their

reépective number, e.g. T-1.

_ tests 1s mede,
** See Progress Report 213F, p. 20
Wi See Progress RepOI‘t 215F, De.



2. Description of the Model

¢ Geometrically the test structure ié a model in the sp-
proximate scale 1:30 of an sctual shell-roof (e.g. hangar at
Rapld City, South Dskota).

The material of an actusl shell structure 1s reinforced
concrete. However the model 1s built of structural steel.
Different considerations, especially the scale of the model,
prohlibited the use of concrete or plaster. The dimensions of
theAmodel are shown in Fig, 1.

A rigid supporting frame consisting primerily of 3 in-
terconnected 10WF29 beams forms the "foundation" for the
model (see Fig. 2). This entire unit is simply supported on

a8 sub-structure,

3. Description of the Losding Devices

For the different csses & number of loading devices
were deslgned.

(1) Lateral Loads:

Fig. 3 shows the set-up for lsteral loads. Wire cables
pulled horizontslly on the shell. Thelr direction was chenged
to a verticsl one by pulleys heving roller bearings to keep
friction st 2 minimum. The cables were attached to lever arms
at the end of which the loads (water buckets) were applied,
(sadvantage of the lever system 1 to 7.5), By using water to
produce the loads &1l problems such &s hasndling weights,

speed of loaeding, etc. were solved In s satisfactory way.



The loeds corresponding to the tests T-1, T-2, and T-3,
are given In Fig. ld. They are computed from the welght of
the loads,sppllied to the end of the levers times the advan-
tage of the system.

(2) Distributed Vertical Losds:

An srrangement developed by the Martin Alrcraft Corp.,
Baltimore, Md. for spplying distributed loads to aifplane
wings was used. Rubber tension pads,* 5x5 in., were vulcan-
1zed to the bottom of the shell (Fig. 4). The function of
the pad 1s to distribute a concentrated tension force ap-
'plied through & bolt and a spherical washer to the center of
the steel plate of the pad over i1ts entire srea. Pllct tests
wlth pads gave excellent results, being adequately strong
and at the ssme time freely permlitting the plate to bend.

A total of 80 peds were fixed to the shell. By =« syé—
tem of levers 8 psds were combined in one loeding unit to
which a lever erm of edvantage 1 to 10 transmitted the
welght of & water bucket hanging at 1ts end (see Figs. 4
end 2).

"Dead Losd" was srtificslly produced by loasding all
tension pads, "Live Loasd" over half the span, by loeding
one half., The loed cen be consldered uniformly distributed
over the ares covered by the 80 peds which i1s a psrt of the
totél area only. Filg., 11 gives the actgal loadings for the

% Menufectured by F. C. Schenuit Rubber Company, Baltimore,
Mmd,
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two tests, the load on one pad belng determined by the
welght of the applled water bucket and the sdventage of
the lever system.

(3) Foundastion Movements:

The mechanism to produce a horlzontel foundation dis-

placement 1s shown in Fig.& The 3 10WF29 of the supporting
freme were cut in the middle end the right side was fixed
to the sub-structure. The left side of the frame was gulded
by T-pieces horlzontelly and free to undergo corresponding
mcvements induced by two turnbuckles (the screws on the left
side of the T-pleces sre loosé). Two Ames dlals on esasch side
recorded the herizontal displacement to 0.001 in. accuracy.
This mechenism eliminated slmost completely eny rotation of
Ehe abutments, as wes checked by level bars.

Fig. 6 1llustrstes the test set-up used to produce end

roteticns. The supporting frame roteted sround an axis in

the middle et the height of the spring line of the shell.
By moving the frame in the center vertically by means of s
turnbuckle, end rotations were induced, the spen of tﬁe
éhell being kept prscticslly constant. Level bars measured
the end rotations and Ames Diels checked the change in the
sp&an. |

(4) Concentrated Vertical Losads:

A speciasl loading frame (Fig. 7) with & jack at the bot-
tom transmitted & load into the top by wey of a loading ring.

which meassured the magnitude. The sensitivity of the system



1s ¥ 50 1bs. which 1s ressonably small compered with the
magnitude of the eapplled losads.
Flg. 13 shows the manner by which the concentrated

lcad was Introduced to the rib and gives 1ts magnitude,

4. Arrsngement of the Recordlng Devices:

(1) Strein Geges:

To the arch roof model (Fig. 1) a total of 44 rosette
(AR-1), 137 cross (AX-5) and 81 single gages (A-5) were ap-
plied. The lsy-out of the geges 1s shown in Fig. 8. Any
gage 1s loceted by 8 coordinate system which is agein used
In the tables for the presentation of the strain gesge read-
ings.

(2) Dial Cages:

Vertlcal and horizontsl deflections were measured by
Ames Diels (sccurescy 0,001 in,). Filg. 9 shows their dis-
position. The dials<:>to C:)indicated verticel deflections,
positive 1f downward; dia]nqg>recorded the chsnge in the
span, positive for sn increase in spen.* The disls to
[19] measured the lstersl deflections, taken positive &s shown
in Fig. 9 (positive in direction of the epplied latersl
fOrce% shown in Fig, li)°

- e e e e e e m m m e @ e e e ®m @ e = e e e = @& & = e e -

* Note that for the snalysis in the Progress Reports 213C
to 213E the opposite sign conventlon for s chenge in the
span was sdopted. '



(3) Level Bars:

The rotation of the abutmeﬁts was measured by twollevel
bars L-1 and L-2 (Fig. 9) with an sccurscy of 0.0002 radians.
Inward rotetion is saild to be positive, producing compression
in the top and tension 1n the bottom fiber of the rib (posi-

tive moment).

5. Reported Results:

All results are average values of two sets of readings.
The tests were performed by tsking readings ét the arbitrary
Minitiel load,"¥ then the model wes loeded up to the speci-
fied loed snd & complete set of readings was made. By repeat-
ing the complete procedure asccldentsl errors were discovered.
A close correspbndence between the two sets was obteined.

For any lcad'locel_non-linearity of stress-strain rele-
tions induced by rolling and welding stresses was eliminated
prior to any perticular test by subjecting the model seversl
times to losds about 10% higher than the succeeding test
load. As 8 result, for each test load, elastic behavior was

obtained in 8ll psrts of the model.

5., Presentetion of the Results:

The presentstion of the results for each test, T-1 to
T-9, 1s arranged in the following order:

¥ Initiel loed included the dead welght of the loading system
end an sdditional initisl losd to "set” the whole system.



1. Sketch of the applied loads. (Figs. 10 to 13)
2. Table of all strain gage resdings.
3. Teble of the deflection end rotation readings.
Referring to the teble of the strains, to illustrate,
consider the streins st the point 03 for the test T-1:
Fig. 8: (Ley-out of the strein gages)
Location of the point 03:
6,00 in. from the outer rid S
31.30 in. from the @.of the spsn to the right,
Table T-1: Point 03
In axisgl direction (x - direction)

' -6
Upper side of the shell: Expy ~37.2-10

-f
Tower side of the shell: €41, 42,510

In circumferentisl direction ( co- direction)

=-36.2+10"°
wu
Lower slde of the shell: &»T=-76°3-10-6

Upper side of the shell: ¢

The interpretastion of the tsble of the deflectlion snd
rotation readings by mesns of Flg. 9 (lay-out of the diel

geges) 1s self-explanastory,
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Test: T-1, Lateral Losd, Uniformly Distributed (Fig. 10)

Cage No. Measured Gage No. Messured

@ .0384 1in. @ ceeeeeee-

®@ -.0275 1n. @  —eemeee--

® -.0175 1in. @  emeeeeee-

® .0256 1n. .0103 1in.

® -.0910 1in. .0088 1in.

() .0988 1n. | .0350 1in.

™) -.0354 1in. | .0576 in.

(8 .0490 1in, [1g]. .0463 1n.

® .0224 1n. .0196 1n.

-.0156 1in., L-1 9.64:10-4 radisns
L-2 11.89+10-4 readians

Verticel and Horizontsl Displacements, Rotstions (Fig. 9)



Test: T-2, Lsteral Losd, Concentrated Load at Center

(Fig. 10)
Gage No. Measured Gage WNo. Measured
@ .0290 in. () J
@ -.0298 1in. (7
® -.0084 1in. @ 0 e
(® .0076 1n. e
() -.0712 1in. -.0023 in.
(6) .0716 in. .0139 1in,
Q) -.0177 in. .0309 1in.
.0211 in, .0213 in.
® .0238 1in. | .0060 1in.
@ -.0241 1in. L-1 4.05.10-4 rediens
| I-2 5.58-10-4 radians

Verticel and Horizontal Displacements, Rotetions (Fig. 9)



Test: 7T-3, Lateral Losd, Concentrated Losd Neer Querter-
Point (Fig. 10)

Gage No. Measured Gage No. Measured

@ -.0120 1in, VF)

® .0168 1n. 2 -

© -.0480 1in, )

O) .0544 1in. _ .........

®) -.0260 1n. .0169 1n.

(e .0362 1in. .0285 1n.

Q) .0265 1n. .0248 1in.

® -.0170 1n. .0074 1n,

G .0296 1in. -.0009 1n.

@0 -.0242 1in, I-1 5.93-10-4 radians
L-2 0.84~10-4 radiens

Verticel snd Horizontal Displacements, Rotations (Fig. 9)

1



Test: T-4, "Dead Loed" (Fig. 11)

Gage No. Measured Gage No. Meesured

€)) .0038 1in. 5 .0811 1n.
® -.0040 1n. @2 .0554 1n.
@ .0276 1in. @3 .0910 1n.
® .0140 in. .0056 1n,
) 0372 tn.  [1§ = —emeeee--
.0344 in., = [1§ = o ceceee---
™ L0065 in. - [@M = eceeeee--
0154 in.  [{B = eemeeee--
® -.0100 in, . {8 = acee-eee-
i) -.0022 1n. Il eeemeeee-
-2 eememeee-

Vertical end Horizontal Displascements, Rotstions (Fig. 9)

Iy
Fr

are taken = 0 in 215=D



Test: T-S, "Uniformly" Distributed Live Load (Fig. 11)

Gage No. Measured

Gage No.

Measured

K

0584
«1199
0987
.0191
.0164
-,0996
-.0855
-.0746
-.0588

QEPEAOO®®®O

0754

in.
in.
in.
in.
in.
in.
in.
in.
in,

in.

LEEEEECO®®

t—‘
]
Do

.0525 in.
.0308 1n.
0833 in.
.0020 1in.

---------
—————————
---------
.........

- - -—-

-0.44-10-4 radilans
-0,40+10-4 radipns

Verticel and Horizontsl Displacements, Rotations (Fig. 9)



Test: T-6, Horizontal Foundatiocn Displacement (Fig. 12)

Gage No. Measured

. 3215
T 3227
.4378
.4409

DEEOEO®O®O

Verticsl and Horizontsl Displacements,

@

- oor - -

W

- -

in.
in.
in,
in.
in.
in.

Gage No.

Messured

=
1
)

-t
[
o~

AEEEEBRSO®®E®

- e - -
- v e a o oo oas

---------
---------
.........
---------

e ]

8,94-10-4 radians

6.52.10~-4 radians

Rotations (Fig. 9)



Test: T-7, End Rotation of the Abutments (Fig. 12)

Gage No. Measured Gsge No. Measured

O J— (S T
® . eeeeeee- @2 -.0290 1in.
@ .0015 in. @  eeeeee-
® .0035 1n, .0150 in.
(® -.0296 tn.  [B] = cceemme-s |
® -.0287 in, [ = —-eeei--
© -.0049 tn, = [ = eeeeme---
(® -.0024 in., = [18 =00 —ecemeee--
@ e B e

AU L-1 73.83+10-4 redisns

L-2 73.88+10"4 redians

Vertical and Horizontal Displacements, Rotstions (Fig. 9)



Test: T-8, Concentrated Load on Middle Rib at Center of
Spen (Fig. 13)

Gage No. Messured Gage No. Measured

@ -.0166 in, (5 O

@ -.0276 1n. @ .1303 1in.

©) .0222 1n. @ ceeeemee-

® .0041 in. 0063 1n.

®) 0794 in.  [18] @ ememeeee-

6 0783 in.  [18] = c-mem-ee-

QO 0101 1n.  [7] = eeemeeee-

: .0240 tn.  [8 = c--eeee--

® -.0270 in. -

i) -.0164 in, L-1 -3.46-10-4 radlans
I-2 -2.77:10-4 rediens

Vertical and Horizontel Displacements, Rectations (Fig. 9)



Test: T-9, Concentrated Losd on Exterlor Rib at Center

of Spen (Fig. 13)

Gage No. Measured

Gage No.

-,0499
.0043
.0270
-.0088
.1562
.0291
.0201
.0089
-.0425
.0190

PEPAPOE®EO

in.
in.
in,
in.
in.
in.
in.
in.
in.

in.

Vessured

B EEEESOO®E

=

—

-
[}
4V

R N ]

—————————
---------
—————————
---------

~-4.00.10-4 radians

-0.89.10-4 radisns

Verticel and Horizontal Displacements, Rotatlons (Fig. 9)
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EXPERIMENTAL STRAINS IN SHELL AND RIBS  + TENSION fisiiis GAGES SEE FIGURE 8
- COMBRESSIONT 1 MIvRPrINeHEE
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| : /A -/60.5 | —5,4?3‘ 323 /6.3 | | SIE.0 |
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/3.0 [T | | -96 | | $5.2| 0 | -34.Z|
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| i o g0 b S AR | | k| - (w527 DI LI 7
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TEST. T-2: LATERAL LOAD, CONCENTRATED LOAD AT CENTER

Middie Rib| 28 0

Rib x=0

EXPERIMENTAL STRAINS IN SHELL AND RIBS  + TENSION GAGES SEE FIGURE 8
_ compressiony ¢ N MICRO-INCHES
1l Eraidan o Baliy o e ol e s 2 G Yt AR RGN e 9 |
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| | 2o L3 L | /G| 2t Jro | 512 ',—7/0/ b ot B S Fank 0 AR B - e A e s
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| B Ao | -29 g3 -/ S
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FOR LOCATION OF STRING



TEST. T-3: LATERAL LOAD, CONGENTRATED LOAD NEAR QUARTER POINT

FOR LOCATION OF STRING

EXPERIMENTAL STRAINS IN SHELL AND RIBS  + TENSION GAGES SEE FIGURE 8
IN  MICRO-INCHES
— COMPRESSION
' 0 8o Bl B e 3 A R B 3 il S B ot 8 9 01l
S |=2520] | -850 ~zlo | 870|250 760 | -600 -8 0 -s090 | B30 /38.0 | /80 | ~/8.0
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| |-/5.3 ~2.2 3o (-0 Vw25 SIS /36 ~99 | - 78 ZE
Middie Rib| ¢ 5 L/ 4inIQO. 35 #13 =] LI /84 -3.8 2.7 79
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5 LB <96
~90 /.3 /AT zo | e 423
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C -é24 | €47 | 7/6.6 /473 | /23.3 /24,9
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TEST. T-4: "DEAD LOAD" FOR LOCATION OF STRING
EXPERIMENTAL STRAINS IN SHELL AND RIBS + TENSION GAGES SEE FIGURE 8
— COMPRESSION IN  MICRO-INCHES
I (TR 8 s 0 4 - 2 T 2 3 LR 6 7 8 9 (IR
S F/éao | ~600| —__-220| 90| Z80]| -70 -//20 | 20| /90| S0 /20 | -740 ~/76.0
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' 84
2955
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= —— /48,3 /088 | /352 | 28 68.2
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(Row K) RR7.9 S78 | s0t7 | EL5 808
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= : 2%/ A 52 JS5| -¢/8 7 /RO | SEO 26
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TEST. T-5: "UNIFORMLY" DISTRIBUTED LIVE LOAD FOR LOCATION OF STRING
EXPERIMENTAL STRAINS IN SHELL AND RIBS  + TENSION GAGES SEE FIGURE 8 -
. BENPRELSION IN MICRO-INCHES
I 10’ N ) ¥ 6 4 3 2 k- akd 2 3 g . 5 Y 8 9 10 1
i —Ja:O.o{ | 799.0 | 305.0| -79.0| -3270|-296.0 -78.0 4.0 | 262 0| 47 O
Ribx=h| 3779 -3/7.0 | £39.0 ¢.0 2s5/.0| R72.0| 7/.0 | = . 0 2.50.0 A56.0
| | ~Ht /| | |
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| -86./
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M /6.6 648 | TI4E| AR 2.5
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-9 -398.4|-R68.7 | ~# D55
. | ik, T 1906 5| 1208 | 4.3 ~/63. 9
/ W - 78.86 zoe. /| /488 | X7/ 228.9
K -640.0 Z3//0 . . - —6x0|/370 3780|3820 -220| 2980\~ #0600 HL50|~/55.0 320 2EZ0 |20, O 6/8.0
A /355 374 \|-/529 |-32# |26 | -2 | /623 | RJ/F| 2017 | £2.3 BT AT - 0406.5 |<348. 6 228 s
Middie Rib|-/#2 8 ~#8.5 - /4] | 62) | SEE3 | SI78 | -IE0 |-/IET | V709 |-//6.6 | -35.6 ~20. 0 Gt/ | o7 3 Jj0Z.7
{7075 -ZéZ;’ LA {2’.24 = o E. 243 /0/ //7 6
9. Yy /2.5 . -877 —R3 Z|-/%6.8 e
4337 2232 \z/2f | /297 | FKZ - 35/ VI8 ¥ 2.9 3 -39,/
' 70 |/1RT\2U5.2\/55.6 | Z /0 GAA (LY Y e o
69 /65 257 |(RoS# | K06 2).8 -‘30 ] 72/ 2 o7 A
s00.2 [-z77 3 |-%2.7 |/FP/ -57./ -8/.0|-%6.7 <387/
~-20 ez W) 4 g
/3.2 -2/ ~A57 27.7 | 7% 0 258
H /8.9 - 557 A5 6 -78.5 |-6/. 7 i
22.5 F3./ -67.4 /%0 ~25/-7 g
/6.4 -58 -o9¥ 0/ \/099 /88 6
/47 3 r /27 6 -/ 720
A -/98./ /8 6 7'4 / /e -38.3
G 29.3 220. 4 639 ~/3./ -4 0
J909 /726 -/0/. 3 -23 f 26.4 407
-/50./ -/08.2 ~/20. 0 /83.8 |- /74. 4 o/
30.41 R 270 /2 QT /8.6 <8 A2/ ~-BR/| 25| LBt T4 5/ /8.8 | L\ -/9¢#|-39.6 |-/8 0
e 303|553 — /7l ? | /O 39 8 727222 | /657 | /305 506 305 -/ F| /B8E| =51/ |-00 | -8F
/8,0|-677 |-948|-583|-/24 | &8 -26.6 (0030 | #6.% | -72.0|-/03.81/225 |-/#4. 4| /6| 256 |-396 287
40D | 08} - H0.4| 76| 43 -206. / 762 2 1356./ |-358.]|-/60.57/39.9 |- 76.5|/62.2 |-//6.2 | é2.6 | 3£
0.5 ~/54.3 w LA 20.9 | - /.29 26,9
e AR 25l la|ms |
: 7647 27 3 -28 x>
ROSETTE GAGE /86 . 6 -/ 48. 3 -/68.4 /240 |-/60./ 422
= ,,,,4_,,; ’
o A o ~50.4| -526 -//3. 6
LR x/r N e 7 349 /87,3 -2 SSO2| V472 —327
5 s 4§ j0/2 2270 .24 0 10).2 | 2/} - 802
B Tl I AR e | —44.7 /12,2 2007 124/ . 3 - 8.0
Sl Vi Ve 1292 -38.5 24,0 _758|/20.3 /2T
e O /4.5 1123.2 4.0
e o) I8P 32.0] .S/S -3¢7 -S04 9 |- /3.5 ~2/8 S
54 5 % -26.5| 657 | 87/ |H4+5 J8 -/358|-/09 %+ - 272 9
C 630 7189\ /54.5 | /59.3| ZZ.6 -85 -/88 5|~ 125. 7 __7/9 0
-/9.2 :/g‘;g JEO2.73 442. ] | =36 -/06.3 L2649 - 3450 -235 0
~33./ J3.7\ -4 7 |-#27 -9, 28 6| /72 </ /
Bl < $-22.6| 80.5| 89/ | 16.9 & Bb.o|-//2. 6 +8.7
B ~]24.0 -350.0 -92.0 | /30.0 | 358.0| 37,0 | =350 |-2240-3P70 | F#5.0|-//8.0 66.0 284.0 | 924 0 6290.0
Rib x=0| S350 /82.0 -3/).0 |-203.0|85¢0|-3%60 | 3.0 2050|3950 |32 0| /&0 ~47.0 L2530 380, 0 -5/7.0
Rib x=0 d-Rilesda iy -1379 32/ /20./ /579
A T V ~lens 0 % 35,8 -64.9 8.4~
(Only for RowA) / 205 ~é640 Y e
D oo ; 8./ 4.6



EXPERIMENTAL STRAINS IN SHELL AND RIBS
| ICRO-INCHES
— COMPRESSION } e
1l Lo R R - g s AR e 3 2 PR M 3 4.5 5 6 7 8 9 YRR
s | awo |  662.0 ' ga50| /0.0 | -/30.0| -3330| 472.0 |-33/.0| 453.0 2070 A30.0 70/.0 /048.0
Ribxzh. -669.0 g -£62.0 2340 -820 | /840 2880 R35.0 | R9/.0 .?oo.ai -77.0 ~R39.0 -£7/.0 -656.0
; f i Fiar ; -/30.5 |
’// : '2./ i
R ~+———} -206./ | |
. OUTER RIB’ ~—~— 30/.7 |
(Row B & S) :::__:%" ~R00.5
/844
Q L% 3 8/. 6
| { /3/.7
‘ /642
= l Z08 .2
| CROSS GAGE _/5_51
SHELL 74 a 47.0 |
/ o A P -/34.8 ~/24.0 |- 42.9| R6.7 0.4
A e ———— /65, 0 /2.3 309 |-235 ~6/. 9
0 XA~ )~ /95 SEEB | ~LBH. S 7.9
il e % S e /8.2 /.0 | /3.2 ~60.9
-/20.7
N 98.5
84.9
I 277
; - 46.3 ~/%0.3 | -38.5| R3.3 /4E &
M -90./ 376 39| -727 ~/2. 2
22R:3 /0RO | 176 |-/0.8 V/4R.7
MIDDLE RIB /S48 /895 | 9.8 |-38.7 Nxlacks
(Row K) /54.5 /679 | 62/ | -38.8 -635.6
L 3677 -335.7 |-/R8.3| R4 JoR.7
: 2796 R3¢2 | 83.8|-357 -279.5
y g R74.9 309 | 733./ | =72.7 -33/.7
K 3920 6620 - R00.0| RO |~/é6]).0 | 4070 | ~5570| ~I55.0| -429.0| -/780 | Zo3.0 7.0 6970 | 870.0 /044.0
-7002 -39.6| /940 | -842 | /398 | 275.3| 37/2| 363.8 Z9R.9 /38./ | -82.0 -2/5.5 ~#0R.8 |-536.9 - 366.0
Middle Rib| 240 4 /50.0 846 | 398 | -606 |=/07./ | -/83.2 | -/5¢.9|-/28.6 | ~I3.3| 33.7 JIR./ /87.2 | 234. 6 /33./
/76.9 | /46.7 | 34.0| -05.8 2 JEGIS ~-/88.6| -872 724
/36.8 0.9 -3.6 /6.9 | ~R#.3 ~7/.9 6.6/95.8 -86. %
-35/.0 2R3.4 | zoJ & J0.6 | -#6.0 5.7 ~287./ 129/ 0 4p7. 6
| 302./ Jos5.9 | 233.0 /'#-3 -8/» ~-/80,/ ~340./ 275 '.’:?3 7
37,3 | /8R0 |/92.7 | 892 | //-/ -3/.3 /H*8.Pr2/5 0 Yy,
~: 500 | 230  S6 6.5 - 3.7 <8./|~50.6 I£I.9
; gf; 3 /¢é8 -5316
: & -3/.8 53.8 2 r RO A .
H /.3{33 AP 6./ -/3/.5 |-36.5 35,2
/73.9 /75.9 -86.7 -R00.2 | 29/./ i
RIO. 4 709.0 -94./ -8/ |-6/l/ -243./
| -/33.) /649 47.0
-/ 70.4 - 744 &7 7 JOAZ | 48B3 -60./
//4. 9 054 -4/ 5 -8R.5 | vor. 7 -576
G -/3.3 Zars - 242 /8.3 | fr0.3 -//3.9
/50.0 A5 A -22. 6 JOF ) S/ TE A~ /920.8
~-476 | - 725 -3¢./\ 732 SAo| 7é.+ -/ I76 -72%| 235 | FLT | A3.7| 34| Blo| 789|-308 | -ots5|-£9.3
408 | -223| — | -xX38| 0/ 6|-959 //3 & /24 7| 393 |-/6.%|~32£ 6 |-68.9| -850 |-63.9|-48/) |- 0|-3590
3 -70.3 | /025 /8T 0| )/ F | RIS | /6.5 J7. 7 -At | IeT | 6.8 85| /6.9 | R7Z.3| ©/.3|,/72592 | 07,0 |-80.3
752 | #Ro| M0 |-é5.2| -76 |-z28 92 4.8 | /0.3 |~/B.% | /9 |-s47 | P28 |-389 | -S43 324 |/8/.0
~/82. 0 -)03.9 88.4 J06. 4| 329 £E. 5
’ /»s;{ /7 /#6.2 S PAD -/;2’ J; ~/0/.9 2.5
: -30.5 /4. / /807 V0 D
ROSETTE GAGE 650 20./ ~4/ 3 -/t |-/)8.5 /955
teg A = e A Zd 7 JéZ —-/Z?é
. Xf L 2. .. 585 | 3 =ff S5/ BE :
I e A  Tier, -200 6 Ve 2s VA
5 e el ST 0273 /32,8 - 70,/ -R.7| 6925 /9% 7
pe Gl LGOI SHELL | BB #2.7 - #7.1 -/ 38.1 |- X979 /5.9
- A'f:’,, ) a) I /38 6 935 4 _//6 Z /#7697 - /05 2
o- -t — Ve ~/// 4 |-R66.9 B
- —. |~ 644#] 620 38.8| -/6 - 48 4 -/R7.3|-/806| N-2798
—/.37& w /B2 106.5 654 | /1R.6 0.0 w768 <280 - 36,57
C /29 |°209.1| /76./ | 90.7 |-JB.7 /33.¢ -Z78.0|-R67.9 -3/8 6
237.3 102608 2/6.4 | //%3 |-9/.3 -2/0. / -306.2 |- R35.8 "R379
29¢.7 |® R56| -0.3|-29.8 |-/1089 -/ 62.9 L 21/ 1 |-/850 oA
/R4 4 1/3.6| 736 | /3.7 -42. 0 - 9 BLFL6.% -//0,7
B /035.0 660.0 A08.0 | /90.0|-/48 O |- 360 0| ~#60.0| %70 | ~36/ 0, -/#/.0| /88,0 JsB8.0 6396.0\| 777.0 /009.0
Rib x=0|8K8.0 —~44.9.0 -2R23.0 | -6/0 | /96.0 .3Jc9.o1 I 0 | R00.0 | IR0 /780 - 80, 0 ~RA2. O 2200 |-538.0 -4 050
Rib x=0 e — - zl.8 /OFF 236 /.28 3
A f "':Xr ft4#—~ ,— -R5.7 ~57 6 Bt AL | -
(Only for ROWA)J ,‘X/\ 1 | i ,:"J - - — ﬁ i _/oéf -9 46‘7
_ e AR 4 20.8 8/.8 24./ - 7.9

TEST. T-6: HORIZONTAL FOUNDATION DISPLACEMENT

+ TENSION

FOR LOCATION OF STRING
GAGES SEE FIGURE 8

s

e




Rib x=h

K
Middie Rib

Rib x=0

TEST: T-7: END ROTATION OF THE ABUTMENTS

FOR LOCATION OF STRING
GAGES SEE FIGURE - 8

EXPERIMENTAL STRAINS IN SHELL AND RIBS + TENSION
? _ compression ¢ N MICRO-INCHES
' 9 8' SR, 4 3 o' 2 I 2 3 4 6 7 8 9 i
| -6820 __-36/.0 |-2530| -60.0| 57.0| /30.0 570 -62.0|-264.0 -382.0 -524.0 -7230
481. O| ~-2340| /620| /8.0|-6/.0|-//7.0 -620| /16.0| /1650 24/).0 368.0 460.0
/7 19.5 SR
33.0 |
, - 76.6 |
- SPUTERRIB . - 90.0 |
(Row B&S) |- 548 ]
-376
P - 248
| -38.7
| 5.7 .
-485
CROSS GAGE 773
e
46.7 =34/ -6.9 -445 -75.9
-477 ~R&:D 4.9| -494.2 534
7.4 51| -08BF-14.5 - 604
T LS -4.2 3B 78 272 |
42.7 1
- 30.3
-R2.4
-79.0
/4.2 32.7| -5¢| -328 /0/.8
26.5 -4.7 271 9.6 4./
Las -22./ 22| 26.1 /7.3
MIDDLE RIB -44 8 -398 99| 826 /146.7
(Row K) -46.2 -34.6| -452| 634 J5.3
/14.4 79.1| -13.6|-705.2 -24.6.3
-§/.4 -50.8| 85| 768 ZR7.9
‘ A ~-76.7 -656| 74| /284 255.9
6960 ~37/2.0 > " -3670|-2700| -73.0| 690| /50.0| /4/.0| 73.0| -770|-2890 -388.0 -53/.0| -620.0 -7/4.0
5038 3002 - s987| /497 R33| -598|-/05.9|-/102.6 | -68.0| /6.3 /469 202.3 3/4.7| 396.0 256.5
-/39.6 -1062| -----8835 -55.9| -88| 260| 60.5| 5/.4| 822 -85| -608 -104.6 ~/05.3/-/62.0 -94.5
-52.7| -288| 274 | //3./ /43.6 /3/.9| 62.0]| -78.6
-379 | -0.7 /4| 80| /93 ~1.2 -/3.4 | /36.0 B2
/]09.5 | -66.9| -53.2 9.0 9.6 /54.5 27284 | 2185 287.0
-90.6| -88.3|-53.7| /9.2|/37.7 73 4 2639 | — 3692
-108.5 | -55.8|-54.3| -/86| J36.5 60.8 /44.0 | 177.5 342.6
-18.91~g0.0| -12| 2.6 8.0 /6.3 4/.0| 2487
479 4.9 -528 .8 L ~-4.8
-12.5 1B -/90 /03.4| 389 /35 8
-27.6 -28.1 85.7 i g =11
h - - : 8/.8
755 236 0.5 56| 1744 /'34.9
S2.7 /4.9 -659.7 ~//4.6 | -304 4/ 6
-3/.4 -24.8 4/.6 63.5 | 8oz 39.6
6.2 0.5 22.3 -92 |- 7259 90.5
~45.9 ~6,2 39.6 838 | 7/02 -/08.2
36.6 /8.4 -66.3| - 75.4| -63.5 49,5 2/.7 | -4.8| -4/4|-56.¢4| -672| -60/| - 666 /93 375
4.5 - | g8.2 935 99/ ~35./ -788 | -2.0| 09| 377 680 986 S64| 44.7 28.7
69.7 -/83.5| -797 | ~/4.5 -39 Vi % | 7 3 -4.8 | -456|-/5./ | ~ZR.7 - 26.0| -70, 7_/285 727
-/40.0 -5/.0| 59.9| /0.9 | RR.7 -R4.8 -~6.0 7% 06 6.7| %77 DT SOV k. & \-/40.8
J39 24.8 -88./ -89 4 -2726 36,0
-36.3 X8, 7 76 6 LRl 852 37./
- 1.2 6.2 - RS0 -45 O/ RS 88.7
ROSETTE GAGE -20.8 -8.0 36.4 J7.9| 82./ /547
RN ) ARV
b ; ym AT -23.5| -33/ 100. 3
R Lt ff—A? 430 R6.5 -88.4 82.8| o755 -838.7
— 11 7 i ~ oo 4’5/@ —27 4 "/6/ # 6 67’ 4 -M 3 /¢¢'/
j 7 e S
B : 7~ // ——SHELL |_g; 7 B 3.9 /3.4 /a,?:z ég;
- P 7T | / _ P 5 -20.5 |~/R8
v e Y for 4 96/ | Ro2.8  33.8
T T ——|o-255| -36.0|-734 | 86 376 988 /47.6 ' z/a4
/9.3 |o-26.6| -1r0.6| 6./ | /8.3 /4.6 596| z22.7 92
35.5 |0-6bo| -#4.9| 83 | 720 /417 2/0.5| 198.4 2825
-706 |-806| -555 | /0./ |/R5.5 /8932 243.3 | 372/. 6 /68.8
-85/ |®-RR| -72R | o5 | 6R2.8 /06./ /4.7 498 20/
$-/184| -/58 38 | 326 6/.é /6.7 /7/ 4 78./
~Ja5.0 - 4930 -3640 | -p490| -56.0| $6.0 | /2/.0 | //8.0| 67.0 | -55.0 |-24&50 -363.0 ~4297.0 -.57/0 -7/70
J76.0 J343.0 ZZ7.0 | /£8.0| /8.0 |-69.0 |-//0.0 |-/080 |- 72.0 | /70 | /56.0 2390 3470\ 4£0/.0 A33.0
. B —-———— =96 -354.5 -30.5 -66 8
Rib x=0 y S /3.2 /4.0 -57. 7 -22.8
(Only for RowA) ~—/——— — /8.3 45.8 -/4.0 777
Sl -30.4 o Tk 86.3




TEST: T-8: GCONCENTRATED LOAD ON MIDDLE RIB AT CENTER OF SPAN ' FOR LOCATION OF STRING

EXPERIMENTAL STRAINS IN SHELL AND RIBS + TENSION GAGES SEE FIGURE 8

_ COMPRESSION}IN MICRO-INCHES

i oaates gkl et o SRR e B @ ke SRR 3 LSS o Bt Ll s e D el
S ~z600 | -gb0 " 070 /870 /750 —féo -328 0 | A0 | 228.0 2//.0 - 880 ~ 04 0 3980
R|b x=h /"éO; J '.f»\’ o "/ / -/5/0 ‘—?4.3 Oi 208 0 4/ 0 \3J20 ".20 ‘,{ééO '3?520 L ’/86 0 ’2.2? ey ' bl /5,90
R 2 G A e ? 730
T —Z | R T
Lo I | 255&’
| OUTER RIB —<, 5t | | | Sl R TR Vg N W ARG i EOOBREIN Rl L0 FSA O, L s P
(Row B & S) | ok | | | /0.2
‘ < / | | | | /433
Q ; o 4 “’,"fﬁl/y'/ | ; /30. 2
‘ V : ‘ ? 1/6-9f'
—_—— ., ——— ——r—»‘r S ——— e 77, ——— —_——— —
| 189 |
| | | 76.8 | | | |
P | ; | CROSS GAGE e | | | | |
i Pl SHELL —F—— A AR P T (e 1 RGO 1 (/e :
e S 2905 é2.9| ol 782 FZA,
| | | % S TR | FB 6| -73./|-5208 BB
e | | | S e e | Z05| 21 204 o7
R e SR R e N U A BT T S R W S Y el
| | | —/08.29 | |
| | b
L | . 76.6 |
T | R LR T iyl il TR SRR et it B PR S AR
: | | | /0720 f&y‘f 098 736 (< AP
M : : | | B3| G R VAR /7.8 |
TR | | /196 767 -576 -50-4 720
MIDDLE RIB . 1 ; B N N T R A e o Dt e S NS S
(Row K) i 4—//—\ _'. / 71 " Yr =276 'é/& 405 -%20| -/9.4
L V, | | | /3.3 | 2722 | 292.6| /79.6 36./
| ; B e bimc | | 207 778 /625 /458 283
B 50 OO T N T o T labfol 0 s g Badanit 0 Lb L ool
K 5770 _ T —660 J/3.0 2450 Z.,Q(& /.?0 —///fo &5&’0 3.0 25230 ,?é,zo /)90 -73.0 _-/9_90 1363 o
{ /60.2 - 3.4 | M9 R 2352 (13009 7/6.3| 3R0.F /I73 -228.0 -280.5 3575 ~/34.2 “37.6 | 947 B7.5
Middie Rib| - 773 | | j2.7 | éﬂ.ﬂg (057 | 16D | /07 ROGD| YOID | /AT | AT e /0l L R N el v
| | —— o —— SRR A WU | lbLB B0 | A3 2.2 £22S R EEW e Y
~ i | | | | | | ~A#23 | -8LF |-1208 | -950 | -2 LS I5. 7| Fl.3 <2.8
| | | | S22 | 63F | S99 /I5.2\-/63.6 S225 -92.3 0.7 | 557 /
' | | | /7 999 /940 303.8 -223.9 SIS =28 D) - 058
| | | 284 s05.5 00 MO v4.2Z 15 6 -9lg |~5/ & 7. )
| | 158.0 368 -658 427 M SR e R
’ | I | | | 259 36 2.2
| | | | | | THS 76.7 7.3 28| /.7 8.6
| | | R.6 R7E | 2.8 -27.2 =42, & g2
H | | % | IES —&R5 -65.3 -/8./ /728 /28
| | | | ./,00.7 ~230 | -66.8 \-223, 5 =30.0 G. 0
| flot s | v O ERIGE %, Ll WO G 4 P R R G N Ak
| | | /5&0, Ko | | JE.5| 204 J7| R
| | | | ljsfé‘ g o | B 4~ T4 R & é
9 | | | IS -33. 8| | 70 -/3 6 -20.Z 2.2
| A R o >/J/f_ s ISSEIES, . R 286 /76 | /89 0.7
70,7| 280 Z.0| 2.2 | 350 | 426 | e X | 700 ro0.4| 23/ 693 J‘/4 08 ,?// /f7 /B0 /OO
2.4 | /0.4 — |50 -45.8 | 66.6 | | £ZE | -20.4 -300 | -657 2.9 927 -339 | =80,/ | A5 | &4 | &F
F o |3 |-200 a7 g | ~22 | /3 ' 4/4.8 | \“z3| 736|295 | w87 | H.3| 6.0 =37 |5 :90.6 2223
7’27 \ /6.6 /4.0 | 05| -3.¢ | -88 | | /06. ] N =/8..3 | .22 7] -é.df;_ A TRl e A R R A ST
| | Tz - ge 655 EaR < o
c | | | | 3576 | /3,; | | -62.2 | |59 o5 I A
| | | | /2.7 | | /2. | /2.8 9.9 2.7 - 3
| l ROSETTE GAGE L I/Zg 7 2.9 | il | 4_20’_9‘ o :/‘{"9; A 4/75
| ? | P s 1% : | P S SN o o o S T e DASHERNIE e S o R I P 7
? Sree e IR g (e . \45) | | //0‘7);7 A 725 | | 77.0‘ [’52'/¢.2T ‘ 2 7
b ; 2 : '9%‘ ’4'460 ! 06 41 /3—9 ‘ ! -729 |_/5 7| ,/14 | ._232
o —‘;):_\— T SHELL | /9/4 /8.6 | =T | | A St Ny | \ A7, S
| S [ & e gl i | | | -42.5 | 262 | 77 | L2
| | ' ‘ | feboi . LSt B | |78
| - [ ES| =209 ~978 | =927 | -76.6 :—.5.7;» =2/.5 | | /26
| 218 |- -87| -39.2|-702 | 37 | ~37./ | \v26 | 2.0 | 22,8
@ ; : | 75990 | 2029 25 /|-/357 |-/92. o 7 AT nIe Bl L7 | JAE
| | 293 3(V237 4| 209 -/75 2-204.2 #/./ A2 | /23 JOO
| | | . 306, 3 ~/09 % -3B.5|-46.8 -389 |-/5. 3 | | 39.2| 375 | /6.8
| s ! bl AR A A SRR O S . N R B
B —405.0 | | —/06,0 85.0| 2700 722/0 | -50 -3790 =730 ~570 /590 | /990 . /020§ 350 | 46.0 | CIF0
Rib x=0 236.0 ; ~29.0 /76 o ,2’37'0 -260.0 | s0.0 Laaﬁo FO7.0| 520|000 -242.0 _L-/i]. ﬂ | =590 | 26.0 SSO 0
r— — e e e e g e e e e e == e e e e e e e e cbee B |
A e 619 27 . N 646 e | 0.7
A | (TNt A~ —— T =80 | l /2.7 | | | | | 73
| (Only for RowA) >/<\ ‘ V4 A B -63 6 | | 27.S | }  SOT
F— FraSe 75.% A sy ] Belatieo) e el



TEST. T-9: CONCENTRATED LOAD ON EXTERIOR RIB AT CENTER OF SPAN

FOR [LLOCATION OF STRING

EXPERIMENTAL STRAINS IN SHELL AND RIBS + TENSION | GAGES SEE FIGURE 8
- — coMPRession ¢ N MICRO-INCHES
1} 10' 9 8' i 6 4 3 2 @ | 2 3 % % B 7 8 9 10 I
=+ ¥ b = = = —— e F G |
g | 238 0, | — /1.9 -780| -0 -28d szz0| | RO | ~#7D ~HP ~/ 2.0 0.0 ' A5 O
Rib x=h “/.370’ ,l o - /B0 | /20| s980 zéo /67 0 | | o | 8D, DD Yo S0 0 | | |- F=0|
| | /230 | | | % | A
5 g -25.6 | | | |
B ey ‘ Fe i
___ OUTER RIB — -0 4 | (T Sl I OB
(Row B & S) 8.0 l’
-9 | | |
Q i - 232 | | ‘ f
; o o Lo | ,f CEBE T L SN R B
| -2 ’ i , ;
P , CROSS GAGE . B | | |
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