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INTRODUCTION

This monograph presents the results of
a photoelastic analysis of stress distribution
in bridge piers of three different width-to-
height ratios, each subjected to 12 different
loading conditions. The study considers the
pier to have a finite width with the load act-
ing over a definite part of the pier width.
Thé effect of the ratio of pier width to height
has also been considered in the analysis so
that the bending effect present in shallow
piers is evaluated.

The three ratios of bridge pier width to
height studied were:

1. Width and height of pier equal
2. Width equal to twice the height

3. Width equal to four times the
height

The twelve loading conditions applied to
each of these pier sizes were further divided
into single and double loadings.

In the single loadings three uniform loads,
symmetrical about the vertical center line
and differing only in the length of load appli-

cation, were used. The three lengths were
0.9, 0.7, and 0.5 times the width of the pier.

In the double loadings two variables, the
spacing between centers and the length of
load. were introduced. The three center line
spacings were 0.4, 0.6, and 0.8 times the
width of the pier. The load lengths were 0. 05,
0.1, and 0. 2 times the width of the pier for
each load.

For each condition the principal stresses,
J; and Op, and their direction,ox, for a load
of unit intensity were determined experimen-
tally at points along certain lines traversing
the pier, by use of the photoelastic interfer-
ometer. Then these were resolved to give
the stresses normal to the reference lines,
On, the stresses tangential to the reference
lines,J; , and the shear stresses along the
reference lines,'Tn{ 1
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DETAILS OF THE STUDY

The photoelastic interferometer 2(Figure
1) can be used to measure changes in the re-
fractive index of isotropic transparent ma-
terials as they undergo stress changes. In
Figure 2, a highly simplified representation,
L1 and L4 are partially-reflecting, par-
tially-transmitting optical flats; L and Lg
are fully-reflecting optical flats. Polarized
monochromatic light from the point source
S is split at Lj, travels along the inside

iTimoshenko, S., and MacCullough, G. H.
Elements of Strength of Materials, D. Van
Nostrand, New York, 1935, pp. 42-43.

zaﬂy a brief description of the basic prin-
ciple of operation of the interferometer is
given here. For a more detailed description
of the instrument used in these studies see
Appendix of Engineering Monograph No. 12,

Photoelastic Interferometer Determination
of Stresses Around an Inspection Gallery

Google

and outside paths, and is recombined at Lg,
where it is observed in the eyepiece. Ata
certain very slight angular difference be-
tween the two beams of light as they leave
L4 the eye sees in the combined beam a
series of alternately bright and dark bands
where the waves of the two beams first re-
inforce, then cancel, each other (Figure 3).
These interference fringes shift with a change
in stress within the model, and the change

POINT SOURGE OF

LANE POLARIZED
MONOCHROMATIG
LIGHT,

FIGURE 2 - The photoelastic inter-
ferometer, simplified diagram.
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APPLICATION OF THE DATA

Results are summarized in the accom-
panying figures 5 through 17. Figure 5 gives
dimensions of piers and locations of reference
lines. Each of the remaining figures gives
stress coefficients for all three ratios of pier
width to pier height, loading condition used,
and the locations of the reference lines along
which the stresses are given. The stress
coefficients are expressed in terms of an in-
tensity of loading p where p represents the
average uniform pressure applied over the

loaded area. All dimensions are given in
terms of the pier width, w.

The appendix gives additional data for a
pier with width and height equal for three
different loadings. These were a uniform
vertical load applied over 0.25 width of pier
(Figure 18); a uniform vertical load applied
over 0.125 width of pier (Figure 19); and a
triangular vertical load applied over 0.25
width of pier (Figure 20).
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symmetrical about vertical centerline and applied over 0.50

width of pier.
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FIGURE 9 - Stress coefficients for two uniform vertical loads

er with each load

width of pier
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Google



UOLUIAUOD JOS 3NI}ISO4 _U_
‘bupoo] 40 Apisuur ' d
“ 30D 210 SISSINS B(r1SUI|

‘3A1}150d U0 §2853S dAISSAIOWO)
‘sauly buojo Ssasys soays ]
saull o) joryuabuny ssasys | i

Saull 0} [DwJou §S3.4S ' YD

"$23.b3p v (D21 IAM WOy

asimy202 ' 'p Jo uoipdanp

-$33J4s j0diuiid wnuiulw

-$$3J4s [0diduid wownow '

uano; aJam sbuipoal
ydym ;0 S,uicd 53;031put

0
i
‘0

L]

feaeam 0020

‘Y 40 S3NTIVA 11V HO4 SINIOd 40
NO!LVI0T ANV ¥3!d 40 SNOISNIWIA

LB 1074434 ;n0G0
¢ Ceaiewwhs St UG

*r.‘ w050- -
,

S310N
us6 0] [9t00+Tzrz 0 Toac M v 0ic0-[6020- ¢690-[ 2 T@oo 6020 *
408 0] | 0900-[v8z o4 us 8 5200 coo-[ s | weoo-beeeas -
WY vogof[s0i0- :.?‘J. b L 057 2- svo-] 6 [ 59050920 z
wjyov o] deio-lestofeco-t 2] 00 bi.? 560G+ woo-[ vl | 6900 sin o m
zlwozc)fesice (504095 62 9910+ wo'0.] 22 [ ssoo-lsosc - o
T A IR LI rEn 2% T,S;uﬁ%
Cusoo][8ss %,»;;;7; or [ive]Gwo eecor] o Mg 090 0-
4s6 0 ° 2010-] 0 2010 [1ues ) Tao;:no ]
vosol|l 2 1100-] 0 T00-Jozz 0+ o_mmlu:o‘ $i00 | ¢
(409 0 0 Tsszoifswo 900 Tﬂ o | 7004 froo [ v
wluore|[ o [ o [seorjuso” 0900 [ 04| [uece:] 2eu [ 6 Taos
z |02 0 o e | 0 BLyU4(¢700-] O [€200-18:604 9 W 3 B0 U -
Slvoro|] 0] 22.“3. 0 derce 0t | [0 908G, 8000+ ] T TdC e 308. w200 |
ool 0 Teo: e ¢ losgo+|oszor] 0 Trezuig9504] {800 ]
Y56 0 ,Noo?_: , ,: o-Tecz e EI
N — 4o -—+
[ 0 T[cosEno Hl‘o< mm‘: Tezzoa [ o -
©f w09 0 0920+l 9v0o - vt-tasz 04] [ocd s, z
wlvor 2] o6 90~ m;o:hﬁ\c‘o; m. Lm o:;? m:u‘o\‘f‘., s m
z[vozo| e M 55604} 12| 206 0=, 2z | [ 00| V0t era0
2[00 [0800¢] 85, 0] 62- [ €0 o+[eesor| [orio- ?xﬁ‘,u‘;?
Ls0¢ -10is0+ 39z 0-] w7 T2900+4 b 204 [£220 -L10r247v8, 04
a0 T66 9?8?% 0 _e800- Tu? 0 ]950+,9000-] 0 's00-
wos o[ ENO%Q o-l o Tesvo-liezes|[ 0 [usi0o-ioiud ] 0 % co- -
o9 o 0020+1010¢c+] 3 |05+ 9020+ To\;w 224]590-] 0 _lai00-] z
wleorof[ o ozo%i,l\o {£:00-100104) [0 Je2r0s] xfﬁﬁoﬁon o m
z[o2o|[ 06 |02C0- T:o, o _liscoiiei0os 0 eoosi500:| [ 0 [e910:]:900 1900 + o
luoiof[ 0 rom v000+i090 0| [ 0 [ei00-TE00- FTSQ\, woci|| o :o@,‘;moo *o |00+
50 o lsoo-jrooo-| [0 lconoi]avoo:]To 23??8? 0 €00 6007 67 a0
REIK 0 1€800-[66.C 7500-1661 04| [ 0 _o 9100 -
(@{mos o To0 jeot0 2;9[\79 o-li0z0s|| 70~ ¢ [tioo-
wlMsio a_@fno.o.x\og. T lesoo _mowo* MP\T&?E\N e+ 0 czoo
zZ{mo1 0 0 |2200-[s0204] O [2200s0z0¢| [0 foi0c-lezzov o taigo-
- ms00 2:00-[m00+] |0 |6000-[26104] 0 [6000-2610~ Jozoo - s020+] ¢ Tozoo-
T
LINlod| | b 0 | ' H; i 0 L ‘0 _ b4 m 0 E.J_‘ ‘0 o {0 |
L 1
v zm ye:=m y=m

~ MOEC -
R Yo R
| L~ MO0
' SM500
i
R
“ ...\.
506
s
99

-

T

I
'

loads symmetrical about vertical centerline of pler with
each load 0.10 width of pier and load centerlines 0.40

width of pier apart.

FIGURE 10 - 8tress coefficients for two wmiform vertical
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FIGURE 11 - Stress coefficients for two uniform vertical

loads symmetrical about vertical centerline of pier with

20 width of pler and load centerlines 0.40 width

of pler apart.
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each load O.
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FIGURE 12 =~ 8tress coefficients for two uniform vertical

loads symmetrical about vertical centerline of pier with

each load 0.05 width of pler and load centerlines 0.60 width

of pler apart.
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each load 0.10 width of pier and load centerlines 0.60 width

FIGURE 13 - Stress coefficients for two uniform vertical
of pier apart.

loads symmetrical about vertical centerline of pier with
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FIGURE 14 - Stress coefficients for two uniform vertical

loads symmetrical about vertical centerline of pler with each

load 0.20 width of pier and load centerlines 0.60 width of

piler apart.
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FIGURE 15 - Stress coefficients for two uniform vertical
loads symmetrical about vertical centerline of pier with

each load 0.05 width of pier and load centerlines 0.80 width

of pier apart.
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FIGURE 16 - Stress coefficients for two wniform vertical

loads symmetrical about vertical centerline of pier with each

load 0.10 width of pier and load centerlines 0.80 width of

pier apart.
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load 0.20 width of pier and load centerlines 0.80 width of

pier apart.

loads symmetrical about vertical centerline of piler with each
—
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FIGURE 17 - Stress coefficients for two uniform vertical
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FIGURE 18 - Stress coefficients for umiform vertical load
symmetrical about vertical centerline and applied over
18

0.25 width of pier.
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symmetrical about vertical centerline and applied over

0.125 width of pler.

FIGURE 19 - Stress coefficients for uniform vertical load
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FIGURE 20 - Btress coefficients for triangular vertical

applied over 0.25 width of pier.
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