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Displacement Method in the Shear Field Theory 

of the Reinforced Panels and Experiments 

on Panels Used in the Buildings at Syowa Station 

Toshia SATO* and Zenkichi HIRAYAMA* 
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Introduction 

The present paper has two objects, namely, 1) consideration on the displace­
ment method of the statically indeterminate reinforced panels, in the shear field 
theory, 2) examination of whether or not the test values correspond to this theory, 
in designing the unit panels for the use of the Japanese Antarctic Expedition. 
The shear field theory had been established by the energy method or matrix meth­
od1, 5'. However, we find it inconvenient to make the mechanical tabulation of 
simultaneous equations owing to the complicated stiffness matrix in their theories. 
Then the paper considers all the components of displacement at joints for un­
known factors of these equations. The basic tool used in the convenient mechani­
cal tablation for stiffness matrix is that of two simple equiliblium equations for 
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internal axial force at joint and stiffness member in shear field. 

Methods are then developed to give reasonable approximate deflection and 

highly simplified panel structure with several windows. The test was to apply load 

to the simply supported panels used in the buildings at Syowa Station established 

in 19572-4', using Amsler bending testing machine for comparison. The theoreti­

cal value corresponded with the result of test, except for the secondary stress 

and local buckling at panels or stiffeners. Then, we concluded that the shear 

field theory may be adopted in the design of panels of prefabricated buildings 

at Syowa Station. 

§ 1. Assumption, Notation and Rule of Signs 

This method is based on the same assumption as that of the shear field theory 

in the past 1 • 5'. In other words, the rectangular panels around the straight stiffeners. 

with hinged joints that formed the rectanguler wall of grid state have produced 

shear flow only. It is assumed as follows: 

I) The material obeys HooKE's law until the stress reaches the yield value. 

2) External force was applied to the hinged joints only in a plane, then the 

members have produced the axial force or shear flow in a straight stiffener or 

panels. In Fig. 1, we consider that the unit panel supported by the internal force 

and shear flow in a vertical plane generally produced the panel deformation. 

The Cartesian coordinate X, Y indicate k, i the notation of a point, i. e., the 
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Fig. 1. External forces, deformation and 
structural constants. 
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Fig. 2. Internal axial forces and 
shear f lows. 
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general number of a joint is (ki), the stiffness members in X, Y direction are (k) 
(1) respectively, the X, Y components of displacement and external force vector are 
uki, Vki, Xki and Yki respectively. On the other hand, the notation of structural 
-constant in analysis is as follows; ak, ai is length ratio of general stiffeners per 
unit length, L0, tki is width ratio of general panel per unit width T0, k!, k� is axial 
stiffness of general stiffeners against the axial deformation per unit sectional area 
Ao. 

The rule of signs is as follows: The free-body diagram, in which the stiffener 
has been isolated from its boundary panel and all axial forces acting upon it, both 
active and reactive, except that shear flow acts upon panel side only, is indicated 
by positive vector as shown in Fig. 2. For instance, the axial forces (Nki)i, (Nki)� 
in X, Y direction, respectively acting upon the joint (ki), are positive, if these 
vectors moved in the positive direction of the system coordinate X, Y and the 
shear flow iki is positive if the force acting upon the panel from members faces 
the direction indicated in Fig. 2 or produces the deformation in Fig. 1. 

As stated before, the exchange of suffixes k and i in the internal forces causes 
the transition of the vector components. 

§ 2. Equilibrium Equations 

Equilibrium equations on stiffness member (l) and the joint (ki) about the 
direction of X-axis are obtained as follows, ref erring to Fig. 2. 

§ 3. Compatibility Equation 

(1) 

(2) 

On condition that elongation of the member is plus, its axial deformation oL! 

1s expressed as, 

(3) 
oL� = Vki- Vki-1 

On the other hands, its angle of the rotation of member Rt is expressed as fol­
lows, provided that the clockwise direction is plus, 



No. 28. 1967] (2275) Displacement Method in the Shear Field Theory and its Experiments 51 

R! = C Vki - Vk-ii) / akLo 

R!= -(Uki-Uki-1)/aiLo 

§ 4. Equation of Elasticity 

(4) 

The states of general equilibrium condition of the panel ki (Fig. 2) are expres­
sed as in Figs. 3 (a)-(d). 

Summing up Fig. 3 by the principle of superposition, shear flow iki remains. 
independent as in Fig. 3 (c). 

The shearing strain of the panel 'lki can be expressed with modules of rigidity 
Gas, 

Besides, in Fig. 3 ( c) 

1 iki ryki = GTo 

u _ akLo 
He- 2 , 
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which results in qki = I. 
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Fig. 3. Equilibrium condition of the panel. 
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Na, ic, etc.: Absolute values of axil forces and shear f low. 

Provided that the above is the equilibrium condition, general deformation of 
Fig. 1 is virtually displacement. Principle of the virtual work, where the external 
work is W0, is expressed as follows: 

(6) 

But, 

+ ai( Vki -Vk-1i + Vki-1 - Vk-1 i-1JL0/2 (7) 
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Since the elasticity condition of the member is, 

(2276) [ffiiii�f4 

(9) 
then, considering the equilibrium equation (1), the basic equation of the axial force 
is obtained as, 

(10) 

(10') 

On the other hand, substituting Eq. (10) in Eq. (8) , the equation of the shear 
flow is expressed as follows, referring to Eqs. (5) and (6): 

, EA0 { 
ak 

( ,� 2 Uki-Uki-1 +uk-1i-Uk-1 i-1) 

+ �
i 

C Vki- Vk-li + Vki-1 - Vk-1 i-1)} =0 (11) 

where 

Substituting Eq. (10) into Eq. (2), joint equation is expressed as, 

(12) 

If we substitute Y for X, i for k and v for u respectively m Eq. (12), joint 
equation for the direction of Y-axis will be obtained. 

§ 5. Basis of the Method 

Considering the boundary condition, the solution can be obtained in the simul­
taneous equation of joint equation (12) and equation of shear flow (11) with 
the unknown u, v and i. Mechanical tabulation and the condition of symmetry 
and asymmetry on the stiffness matrix are exemplified in § 6. 
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Neglecting the axial deformation of member, approximate solution is solved in 

the equation of shear flow only where independent rotations of stiffness members 

are the unknown factor. Equation of shear flow is expressed as follows, ref erring 

to Eq. C 4). 

(13) 

But, in case the panel contains more than 2 members with different rotations, 

the above Ri should be the mean value of them. 

§ 6. Example of Panel Structure with Opening 

In Figs. 5 (a) and (b), the panels (the oblique lined parts) are symmetrical 

to the A-A and B-B axes, and the loads, V, V', Hand H', which are asymmetrical 

to the axes, acting upon the joints CJ) and ® of the panels. 

Considering that the above condition are symmetric to a point, the u, v and i 
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Fig. 4. Free body diagram of the n-th storied wall with opening. 
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Fig. 5. External forces and structural constants in the 1st quadrant of a wall. 
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are able to shown in the first quadrant only. Therefore, assummg that infinitive 
cross section is put on the axes, u or v is restricted in content with condition of 
symmetry to a point. 

Then, the horizontal force 2(H-� H') is denoted as the shearing force at n-th 
story from the upper of the n-th storied wall and m is denoted these story moment. 

In the mechanical tabulation Table I u, v and i are arranged horizontally and 
the equations, X1 , X2, • • • • • •  Y 1, Y2, • • • • • •  I, II, ...... vertically. 

Considering the equilibrium forces of Fig. 4 and solving joint equation for 1 1 , 

12 and i3 \Ve find, 

assummg, 

then, 

2{V(2a+a')+ V1a}=m/L0, 

V(2a+a') + V'a=(2b+b') CH+H') 

V' -1r=c, a' a =µ, 
b' 

-b---=v, A=abL/ 

- 2A 0 {i µ (2+v) } i3 = mn = - -2 2+µ/(l+c) 

Table 1. Simultaneous equations of panel structure with opening. 
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But, the standard length L0 is taken as in Fig. 5 (b). Therefore, A is equivalent 
to the area hatched in Fig. 5 (b ). 

Then, assuming µ = 1, v = 2 and c ==;: 1, we get, 
il = -0.05, iz= -0.25, 

We can expect to find crack on the panel @, since the absolute value of the 
@ is the greatest. 

§ 7. Structure of Actual Panels 

Five panels; two standard wall panels, two standard roof panels and one roof 
panel with mouthpiece of chimney, were experimented with. 

Measurements of half size of the panels are shown in Figs. 6 and 7. Errors of 
the measurements are less than ±0.5 m/m. 

All the members of the panels were not placed symmetrically, but some rem­
forcing members of wall seat and of beam seat were placed in one side as shown 
in Figs. 6 and 7. 
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Fig. 6. Detail of wall panel. 
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Fig. 7. Detail of roof panel. 

The mouthpiece of chimney was also reinforced as shown in Photo 1. 
The panels were made of the members of the selected Hinoki, Japanese cypress 

and of the sixply veneer of rolling birch of 6 m/m. 
'Resolutinol', formaldehide resin, was used as the adhesive binding agent, and 

polystyrol bubble was put for insulation. 
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The surfaces of the panels were finished with paint except the rubber packing 
parts. 

The veneer was soaked into phenol resin for moisture proof. 

§ 8. Method of Experiment 

The panels were examined by means of Amsler testing machine of 100 tons 
(limited bending load, 30 tons) .  

Static loads were added in the direction of arrows as shown m Figs. 8-1 1 .  
I t  was assumed that wedged parts of connector, JIS 3 1 0 1  SF-34, were loaded 

with forces, and FB - 1 00 x 9  and D -50 x50 were used to distribute the forces 
uniformly as in Photo 2. 

The wall panels were loaded on one side repeatedly, and the roof panels except 
No. 5 were loaded increasingly. 

In the parts and in the direction as shown in Figs. 8-1 1 ,  displacement was 
measured by means of dial gauges ( 1/ 100 m/m) and strain by paper gauges (S. B. 
P. Q. S 2 1N) . 

For examining YouNG's modulus of the cypress and of the veneer of the panels, 
16 double assemblies of the cypress ( using vynyl acetate resin) of 40 X 40 X 100 m/m 
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and 4 sixhold veneer of 36 X 40 X 100 m/m were prepared from the test panel, for 
approximate way. 

After the moisture content of the test assemblies was measured, paper gauges 
were appl ied to both sides of the principal axis of their cross section, and Y OUNG's 
modulus of the cypress and the veneer were measured through the compression 
test by Amsler testing machine. 

The specific gravity of the cypress was 0.38 -0.4 and that of the veneer was 

Photo 1. Photo 2. 
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0.74 - 0.76. The average moisture content of the cypress was 11.7 %, 
The variations of YouNG's modulus of the cypress and of the veneer are shown 

m Fig. 12. 

§ 9. Theoretical Solutions by Displacement Method 

Assuming that the panels in Figs. 6 and 7 were symmetric, we get the theo­
retical solution as shown in Figs. 13 and 14 by using Eqs. (11) and (12) described 
in § 4. They were the solutions on the u', v' and 1 obtained by means of the 
digital computer NEAC 2230. 

For the wall panel, we resolved the simultaneous equation of the 32nd dimen­
sion as in Fig. 13, and for the roof panel, we get the result in Fig. 14 after com­
bining the solutions of the simultaneous equations of the 31st, 22nd dimensions 
provided that all the members were placed symmetrically and asymmetrically. 

In these cases, the constant of elasticity E was 
E= l .6 x 105 kg/cm2, 

then, 
G = 8.9 x 10 3 kg/cm2 (assumption). 

The theoretical values for other G vary as indicated by dotted lines m Figs. 13 
and 14. 
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Fig. 13. Diagram of axial stress on wall panel at p tons (theoretical values) . 
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I n  consideration of the above, it may be assumed that the distribution of in­
ternal forces is independent of the axial deformation of the member. However, 
the experimental values are considerably dependent of the disposition of stiffness 
members . We suspected that the secondary stress is generated on the panel. 

Therefore, in designing the panel it is desirable to consider the normal stress 
in the shear field. 

§ :rn. Investigation 

From the values measured by paper gauges (in Fig. 12),  we obtain, 

E = l .6 x  105 kg/cm2 

then, 

G 2 (l� v) = 2�4 = 0.63 X 1 0 5 kg/cm2 

but, 

v � 0.27 

and the states of the internal forces are described as in Figs. 1 5  and 1 6, provided 
that e4 5° means the strain in 45° direction and that the shear flow iki is given as, 

Almost the same values were obtained when the experiment was made for the 
load by other forces and on other panels. 

Force-Max deformation curves between the loads and the base of the panel 
are shown in Figs. 17 and 18. 

tons 

5 . 0  

50 100 1 50 200 

Fig. 17. Panel No. 2. 

p 
tons 

20 1-----------,.,----,----,--

Fig. 18. Panel Nos. 2, 3 and 1. 
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Photo 3. 

§ 11. Rupture and Strength 

Photo 4. 

As shown in Figs. 17 and 18, the panels are almost rigid and elastic until rupture. 
Two dimentional strength of this Antarctic panels are determined by the buck­

ling collapse at plates or stiffeners of the loading points and the local buckling 
as shown in Photos 3 and 4. 

Moreover, the adhesive binding parts are disadvantageous when the loads are 
repeated. 

§ 12. Comment on Design of Panel 

We could not make a complete pursuit of the two problems mentioned at 
first, as they are limited in the phenomenal examination. In this experiment, 
however, we could get the following conclusion on the distribution of members of 
panel for prefabricated frame structure. 

1) Compression zone of panel should be reinforced as to the beam seat of 
the panel. 

2) Connector of the panel has a good durability. 
3) When the larger side of sectional area of stiffness members 1s bound to 

the plane of the veneer as shown in Figs. 6 and 7, the member takes effect as 
stiffener and heat-resisting. But, it decreases in shearing rigidity and local buckling 
strength in their panels. Therefore, the members of the panel should be arranged 
in square grid system uniformly. 

4) Crack or flow of veneer grows mold and decreases its durability and 
strength. 

In general, the safety factor of wooden panel is required to be 2 - 2.5. 
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