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SHRINKAGE STRESSES IN MASONRY WALLS

PROGRESS REPORT NO. 1

by

T. W. Reichard, S. Levy and D. Watstein

Abstract

A method has been developed for obtain-
ing a solution for the stresses and de-
formations in a masonry wall undergoing
drying shrinkage while its lower edge is
restrained from shrinking by a rigid
foundation. The theoretical solution ob-
tained for a wall whose length is twice
its height is being verified by tests of
rubber and plaster of Paris models.

1. INTRODUCTION

During the past year, the National Bureau of Standards

has been engaged in a study of stresses in masonry walls

which are restrained from shortening at the foundation level

while undergoing drying shrinkage or thermal contraction. The

theoretical analysis in this study is being carried out by

Mr. S. Levy and his associates in the Engineering Mechanics

Section, while a concurrent experimental study is being made

by T . W. Reichard and D. Watstein in the Structural Engineer-

ing Section. Both the theoretical and experimental studies





have been confined thus far to a wall whose height is half its

length.

2 . THE ORETI CAL ANALYSI

S

A method has been developed for obtaining a solution for

the stresses and deformations in a wall whose lower edge is

restrained from shrinking. The method is general in form and

can be applied to walls having any prescribed ratio of length

to height. The solution is based on a stress function^ given

below:

Z_ I M 5,1

<a )
fr15 */ 3 "' L

5in"**
a

'

. .
Buy
2 fy sinh 2a U b J (

b cosh mk J

Ci‘>h
. + 2x slnhWfl" T )/ „wy

co<;y\
3
’ H!L3 <3 Cosh f /o
Zb ib J u

inrrb f y /

Cosh L b

7 si

il +(2 1 )
2*3* 0-V

^ l» / coch .

mTr
.fe-

Sin _
mirx

Sinh’-mH*
l*c\ Xa J

c,r>h z Jnrrb

i \ ^

2 .





dy

* y
, are obtained from the stress function

The normal stresses on any element of the wall, and (J~
t ,

and the shear stress Z

as follows:

<r =

and

The stress function has five infinite sequences of coeffi-

cients. The values of the terms in three of these sequences

(i.e., k, t and l) are determined from the boundary condition

that the shearing stress on the three free edges is zero. The

boundary condition that the stress normal to these edges be

zero is automatically satisfied. The fourth and fifth se-

quences of coefficients (i.e., p and s) are determined from

the boundary condition that the lower edge is constrained by

the foundation to have no deformation.

Two solutions have been obtained for a wall whose height

is half its length. In one solution nine terms were used to

fit the boundary conditions and in a second 15 terms were used

together with estimates for five additional terms. The conver-

gence of the series with increasing number of terms can be es-

timated from the plot in figures 1 and 2. On the basis of

these results it is estimated that a solution using I4.O terms

should give good accuracy. Such a solution for a wall with a

height equal to half its length is now being obtained.

3 .





3. DESCRIPTION OP THE MODELS

In order to verify the theoretical values of stresses

and displacements in a wall undergoing drying shrinkage,

several models were constructed and tested. These small

scale models were made of either rubber or plaster of Paris.

The rubber models illustrated in figures 3 and 1+ con-

sisted essentially of a center strip representing the founda-

tion to which were attached two wall panels. The foundation

strip was 2- by l+-in. in cross section and 22-in. long. The

wall panels were 9-in. high, l8-in. long and 1-in. thick.

The three components of the model were molded separately and

were cemented together with Pliobond cement. The Pliobond

cement diluted to contain about l5 percent solids was applied

to the "surfaces in two coats. The first coat was allowed to

dry for an hour and the second coat was dried for a minimum

of 21+ hours. The three units were then lightly clamped to-

gether and the whole model was placed in a 175° F oven for

12 hours. This method of cementing the rubber components to-

gether was quite satisfactory even though the tearing action

at the ends of the wall panels during the test was quite

severe

.

Steel loading plates 2- by plan and l/lq-in. thick

were bonded to the ends of the rubber foundation strip to per-

mit application of tensile loads during the test. The load

was applied by means of 3/8-in. diameter pull rods threaded





into the loading plates. The pull rods were turned down to

a diameter of l/8 in. at two sections in order to minimize

the effect of any eccentricity in application of loads.

The state of stress which results in a wall undergoing

shrinkage was simulated in the rubber model by applying a

tensile load to the ends of the foundation strip. The dis-

placements of the boundaries and interior points were ob-

served by comparing the grids of white lines on the strained

and unstrained wall panels as shown in figures 3 and I4. . The

white grid lines on the rubber were produced during the

molding process by titanium oxide powder placed in grooves

0 . 002-in. deep milled in the steel plates of the mold.

The rubber used in the foundation strip consisted of

67 percent natural rubber. and 33 percent NBS furnace black.

The rubber in the wall units had the same proportions of

natural rubber to five thermal black. The rubber in the

wall had a modulus of elasticity of about 650 psi and the

foundation strip had a slightly higher modulus. Poisson ! s

ratio for both types of rubber was 0.5. The plaster models

were cast as single units in which the center foundation

strip was 3- by I4 . l/Lj.-in. in cross section and 58-in. long.

The wall sections attached to the center strip along the

L|. l/l|-in. faces were 16-in. high, 32-in. long and 1 l/l|-in.

thick. The neat plaster of Paris used in the model was

proportioned in the ratio of 2.5 parts of plaster to 1 part

5.





of water, by weight. These proportions were chosen to give a

good casting mix. The compressive strength of the plaster at

the age of six weeks, when the model was tested, was 34^0 psi

as determined by 2- by cylinders. The faces of the wall

sections were cast against l/4 in. glass plates in order to

provide a smooth plane surface for attachment of bonded wire

strain gages.

The magnitude and orientation of principal stresses were

determined at 28 points with 3-element rosettes which can be

seen in figure 5. The rosettes which clustered in the vicinity

of each lower corner of the wall, were placed symmetrically

with respect to the transverse centerline and the longitudinal

midplane of the wall. Thus the strains at each of the seven

points near the lower corner are given by the average of four

3-element rosettes. The elements of the rosettes were spaced

45° apart, with the middle element placed parallel to the

lower edge of the wall.

The average modulus of elasticity of the plaster of Paris

was 2,060,000 psi, the modulus of rigidity was 811,000 psi and

the Poisson 1 s ratio was 0.27. It is recalled in this connec-

tion that the value of Poisson f s ratio assumed in the deriva-

tion of the theoretical solution was 0.3.





During the test of the plaster model, a compressive load

of 20,000 lb was applied to the ends of the foundation strip

and the readings of the strain gages obtained at this load

were assumed to correspond to a state of zero stress. The

load was then lowered to 500 lb and the resulting increment

of strain indicated by the gages mounted at the midpoint of

the foundation was taken to represent in magnitude the

"shrinkage" of the wall section. The increments of strain ob-

served in the wall section could thus be considered as being

strains caused by stresses set up in a wall attached to a

rigid foundation while undergoing shrinkage of specified magni-

tude. The value of "shrinkage" observed at the midpoint

foundation under conditions specified above was about

35>0 x 10"^ in. /in.

of





COMPARISON OF COMPUTED VALUES OF

SHEAR STRESS AT FREE EDGES OF WALL

WITH ASSUMED BOUNDARY STRESSES (TX y = 0)

LEGEND

O 9 terms used in solution

X 15 » *i » «

£s = shrinkage

E s modulus of elasticity of masonry

0.5





COMPARISON OF COMPUTED AND

ASSUMED STRESSES AND DISPLACEMENTS

ALONG LOWER EDGE OF WALL

(TRUE VALUES: = I and - 0)

LEGEND

© 9 terms in solution

X 15 •• " "

£ x = strain along lower edge of wall





FIGURE 3.: UNSTRAINED RUBBER MODEL
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STRAINED RUBBER MODELFIGURE





FIGURE 5. PLASTER MODEL UNDER TEST
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