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Foreword 

This preliminary study was conducted by the Soils Division, U. S. 

Army Engineer Waterways Experiment Station (vlES), as part of DA Project 

No. 1V021701A046, Task 05, Mobility Engineering Support, Weapons Founda

tion Design Study, sponsored by the U. S. Army Materiel Comm.and~ The re

quirement for such a study was conveyed to WES by Mr. M. A. Ryan, U. S. 

Army Weapons Command, Rock Island, Illinois. 

The study was conducted by Mr. P. F. Had.ala during March 1969 under 

the direct supervision of Mr. J. G. Jackson, Jr., and the general super

vision of ·Messrs. R. W. Curmy and A. A. Maxwell. This report was prepared 

by Mr. Had.ala. 

During the conduct of this study COL Levi A. Brown, CE, was Director 

of.WES. Mr. F. R. Bro~m was Technical Director. 
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DEPARTMENT OF THE ARMY 
WATERWAYS EXPERIMENT STATION, CORPS OF ENGINEERS 

VICKSBURG, MISSISSIPPI 39160. 

IN IHf'LY REr1<11 TOo WESSD 25 March 1969 

MEMORANDUM FOR RECORD 

SUB.JECT: Lower Bound Estimates to Allowable Dynamic Loads on Mortar 
Baseplates 

Background 

1. The firing of an 81-mm or 4.2-in. mortar exerts a very high intensity 
very short duration inclined load on baseplates of these weapons. As a 
result of these high loads, relatiy*ly large vertical and horizontal dis-
placements of the baseplate occur. To overcome this difficulty in 
current operations it is customary to usd three rounds to seat the base
plate before firing for effect. 1his requires transport of additional 
ammunition and does not permit surpris.e (i.e., first round on target). 
In addition, in spite of the seating, the baseplate undergoes additional 
displacements as each subsequent round is fired. In some soils these 
displacements become intol_erable either for reasons of aiming or crew 
safety. When this happens it is necessary to dig out the baseplate and 
reseat it before continuing the bombardment.l 

. Treatment of the problem 

2. One method proposed for overcoming this problem is to prevent the 
stresses on the mortar baseplate or·foundation from becoming large enough 
to cause significant displacements. There are three ways in which this 
can be accomplished: 

a. Increase baseplate area. 
b. Reduce the dynamic loading. 
c. Add mass and/or reduce system stiffness to shock isolate the 

foundation. 

The first method has the obvious disadvantage that increasing plate area 
usually means added weight to be carried by the crew serving the weapon. 
Implementation of the second method is unlikely since requirements placed 
on range of the weapon will, if anything, be increased in the future. 
1'his means larger charges and greater dynamic loads. The third method is 
shock isolation of the foundation. 

* Raised numbers refer to similarly numbered items in list of references. 
(Incl 1). 
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3. To understand how this method can be applied it is necessary to con
sider the character of the force time history delivered to the mortar 
baseplate. Such a time history is shown in Incl 2. If the natural period 
of the system is very large with respect to the duration of the loading 
the displacement of the system will be small.2~' Since the natural period 
of the system T is 

n 

where 

m = mass of system 
k = spring constant 

T = 2n ./FI" 
n :k 

increasing the mass of the system will increase the natural p~riod and de
crease the maximum displacement. 

4. Inclosure 3 illustrates the effect of adding mass to an elasto-plastic 
. system which originally has a natural period t.-wice the duration of the 
equivalent triangular loading on the system. Since the peak dynamic load 
on the mortar baseplates are several times the ultimate load capacity of 
the baseplate t.-wo cases have been considered. These cases are ratios of 
peak load to load capacity"of 10 and 3. The inclosure illustrates that 
adding mass will reduce maximum system response.· To carry this added 
mass would be a severe penalty. However, it has been suggested•':•': that the 
.mortar could be redesigned so that a soil container resting on a soft 
spring would be located above.the baseplate as schematically illustrated 
in Incl 4. This container could be filled with local soil on the site~ 
Thus, considerable mass could be added to the system at a minimum carrying 
weight penalty. In addition, the presence of the soft spring would con
vert the system to a two degree-of-freedom system whose lowest natural 
frequency was lower than that of the original mortar-foundation system. 
This would also have a beneficial effect on reducing-locrd on the base. 

Required soil response data . 

4. In order to proceed with the examination of 'the feasibility of such a · 
system it is necessary to estimate to what level the dynamic loads on the 
mortar baseplate must-be reduced irt order to reduce displacements under 
repetitive loading to a tolerable degree. It will also be necessa:ry to 
predict the shape of the mortar base load-displacement curve for soft soils 
in order to perform dynamic analyses of the system shown in Incl 4. 

* Sec page 68, reference 2, fig. 3.10. 
·k* · Suggested by Hr. H. A. Ryan, U. S. Anny Weapons Command,· Rock Island, 

Illinois, on a visit to WES on 7 March 1969. 
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Preliminary estimates of 
tolerable dynamic loading 

5. The U. S. Army Engineer Waterways Experiment Station has had consider
able experience in the prediction of load-displacement response of single 
pulse dynamically loaded plates on sand and clay.3, 4,s,6,7,&8 For dynamic 
single pulse loadings of less than 100 msec duration, it has been experi
mentally shown that loads of up to twice the static load carrying capacity 
of the plate-soil system can be sustained without displacements exceeding 
10 percent of the plate width.6,8 Since it is known that the effect of 
decreasing duration of the load is to decrease the maximum displacement 
and the duration of mortar baseplate loads is in general considerably less 
than 100 msec, less displacement should be expected for a single loading. 
However, up to 20 or 30 repetitions of dynamic load without severe dis
placement appears to be a reasonable goal for mortar base design and ex
perience with mortars in the field has shown that displacement increases 
with load repetition. Furthermore, the mortars are subjected to inclined 
loads rather than the vertical loads used in the WES tests. Thus, the 
largest dynamic load on a mortar base which will keep its displacement 
within tolerable levels is certainly less than the value cited above from 
the WES tests. As a preliminary estimate based on judgment it is sug- · 
gested that an attempt be made to limit load per unit area of the base 
to the ultimate static bearing capacity of the plate. At this load level 
it is believed that load pulses of durations as long as 50 msec could be 
tolerated. 

6. For circular plates on clay soils the ultimate static bearing capacity 
q is approximately 

·q ~ 6c 

where 

c is the cohesion of the soil 

Typical values of c for soft clay are 250-500 lb/sq ft. Thus, the 
tentative recommended maximum load per unit base for clay soils is ap- . 
proximately 1500-3000 lb/sq ft. For sands, the ultimate. static bearing 
capacity of a circular plate of dia111.eter D on a loose sand with a 30 
degree friction angle and unit weight of 100 lb/cu ft is approximately 

q = 510 lb x D 
ft3 . 

3 
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For a 30-in.-diam baseplate, the allowable unit load would be 1260 lb/sq ft. 
These soils represent near extreme conditions for soft site operation of 
mortars. Itshould be emphasized that these estimates of allowable base
plate unit loads for soft sites are preliminary in nature and are based on 
insufficient evidence. As a minimum, a series of repetitive mortar-type 
load pulse loading on plates on laboratory sand and clay specimens are 
needed to verify the judgments made in the previous paragraph. Such tests 
might pr:ovide a basis for raising the suggested allowable load level. 

Preliminary estimate of 
load-displacement relations 

7. WES dynamic plate tests have indicated that the initial slope of the 
unit load-displacement curves for plates on clay can be crudely predicted 
from the equation· 

where 

M 
k ~ ....£. 

D 

3 
k = slope of the unit load-displacement curve (F/L ) 

D = width of square footing or diameter of a circular footing 

Mc = constrained modulus of the soil at the appropriate stress level 

_For soft clays near the surface such as those assu~ed in paragraph 6, a 
reasonable value of Mc would be 500-1000 lb/sq in. For a 1 ft sq plate 
on loose sand such as that described in paragraph 6, the initial slope of 
the dynamic unit load displacement curve is approximatel~ 500-1000 
lb/in• 3 93, 8 For larger area plates the slope in lb/in. is roughly 
equal to 

where 

B is the width of a square footing or the diameter of a circular 
footing in feet. 

8. Inclosure 5 illustrates some of the elastic-plastic type mortar base 
unit load-displacement relations that result from the use of the above 
slopes and the ultimate load values suggested in paragraph 6 • . The actual 
load displacement relations are continµously concave to the displacement 
axis \luring loading and are enveloped from above by the elastic-plastic 
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load displacement relation shown. 

Sununary and limitations 

8. Preliminary estimates of the maximum dynamic unit loads permissible 
on the bascplates of mortars intended to have first round on target 
capability and a high degree of stability in soft soils have been made. 
These estimates are summarized below. 

· Soil 

Soft clay 

Loose sands 

Unit Load (lb/ft2 ) 

2 1500-3000 lb/ft 

3 510 lb/ft x plate diameter in feet 

In addition, crude estimates of the shape of the relation of unit load to 
displacement have been made for the same conditions. While these esti
mates are believed to be useful for preliminary feasibility studies con
cerning the concept of reducing the mortar baseplate loading by means of 
shock isolation, they are based on very limited data and are not suf
ficiently precise for use in design. It is strongly recorrunended that the 
use of these results be limited to feasibility studies into the shock 
isolation concept and that·an experimental test program be conducted to 
reduce the uncertainties discussed in paragraph 5 • 

5 Incl 
as 

.{?? faht:tdv 
P. F. HADALA 
Engineer 
Impulse Loads Section 
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