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LTBASE: A Computer Program for the 
Analysis of Laterally Loaded Piers 
Including Base and Slope Effects 

MOHAMMED A. GABR AND Roy H. BoRDEN 

An Improved model for the analysis of laterally loaded piers Is 
presented. The model Is based on the subgrade reaction con
cept and Incorporates base shear and moment springs. The 
model Is capable of accounting for the presence of a sloping 
ground surface. The computer code, LTBASE, which Imple
ments the model, Is described. A comparison between the 
predicted and measured response of 16 load tests shows the 
Inclusion of the base resistance In the conventional subgrade 
reaction approach to be desirable. The ability of the model to 
predict the behavior of piers on slopes Is Indicated by a favor
able comparison between the predicted and measured response 
of five test piers. 

Rigid pier foundations are co~only used to support a variety 
of structures subjected primarily to lateral loads. Highway 
overhead signs, light pole structures, and electrical transmis
sion towers are all examples of situations in which the lateral 
loads transferred to the piers from the superstructure generally 
result in high overturning moments and relatively insignificant 
vertical loads. Although the majority of piers are constructed 
on horizontal ground surfaces, it is not uncommon to see them 
constructed in cut slopes or compacted embankments. 

In general, the load-deflection analysis of laterally loaded 
piers is conducted without consideration for the influence of 
base resistance. Although it can be shown that this assumption 
is valid for piers with relatively large length/diameter (LID) 
ratios, for the case of short rigid piers, the inclusion of base 
resistance can be significant. 

Two theoretical approaches have generally been employed 
for predicting the lateral movement of piers. The elastic ap
proach (1), which assumes the soil to be an ideal elastic 
continuum, and the subgrade reaction approach (2-8), in which 
the soil reaction at a point is related to the pier deflection at that 
point through a constant of sub grade reaction referred to as Kho· 

A model incorporating base resistance contribution to the 
lateral response of rigid piers has been presented (9). The 
authors used a linear 3-D finite element parametric study to 
define numerical values for the base subgrade moduli. Three 
different LID ratios were used in the analysis in order to define 
base spring stiffnesses as a function of LID ratio. Spring stiff
ness expressions for the base resistance were formulated by 
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fitting empirical equations to the results obtained from the 
parametric study. 

Using the subgrade reaction approach, the soil-pier interac
tion mechanism is modeled by treating the pier as a linear 
elastic beam and the soil reaction as a line load. Using a finite 
number of elements in a numerical solution, the interaction is 
represented by discrete nonlinear springs, with the spring stiff
ness varying as a nonlinear function of pier lateral deformation. 
The subgrade reaction concept provides a rational approach 
that permits the description of the nonlinear behavior of the 
soil-pier interaction system readily, if only approximately. 

Presented in this paper is the computer program LTBASE, 
which was developed for the nonlinear analysis of piers sub
jected to lateral loads. The analysis is based on the subgrade 
reaction approach and incorporates the mobilized base resis
tance (4). The program is capable of analyzing cases where the 
piers are constructed on slopes (JO). 

BASE RESISTANCE MODEL 

For rigid piers having relatively small LID ratios, it has been 
shown that the soil at the base provides significant moment and 
horizontal shear resistance (4). Considering this effect, a diffi
culty would arise from the fact that the determination of such 
boundary condition is dependent on both the soil reaction and 
the pier response or, in a more commonly used term, is depen
dent on the soil-structure interaction mechanism. The interac
tion behavior is explained by the dependence of the magnitude 
of the base resistance on the amount of deformation at the base; 
the determination of such deformation requires the knowledge 
of the amount of the base resistance. 

Referring to Figure 1, and assuming rigid body motion, the 
vertical and horizontal displacements of the base could be 
correlated to the angle of rotation of the pier, er, as follows (1): 

WO = 2 * SIN (0,12) * SQR11C2 + (D/2) 2] 

WO = (Il/2) - (8,/2} - ARCTAN [C/(D/2)] 

Yo = W 0 * COS (W0 ) 

V0 = W 0 * SIN (W0 ) 

where 

C = distance from the base to the center of 
rotation, 

(1) 

(2) 

(3) 

(4) 
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FIGURE 1 Base deformations as a 
function of pier rotation. 

The horizontal shear resistance, Hb, and moment resistance, 
Mb, mobilized at the base as a result of rotation angle e,, are 
expressed as functions of horizontal and vertical deformations 
developed at the base. The normal reaction caused by the soil at 
the base will be a function of the vertical displacement result
ing from pier rotation. 

The base load-vertical displacement curve is shown in Fig
ure 2. A linear relationship is assumed to exist between base 
vertical resistance and vertical deformation up to the failure of 
the soil under the base (11-13). Similarly, the shear 
force-lateral displacement relationship (Figure 2) is also as
sumed to be linear up to the mobilization of the full lateral 
shear force- (11-13). Experiments have revealed that the ulti
mate shear resistance will develop at a shear movement of 
approximately 0.2 in., whereas a downward movement of about 
5 percent of the pier diameter is necessary to mobilize the 
ultimate vertical base resistance (11). 

However, because of the coupled pressure-deflection de
pendence at the base, the shear spring stiffness is defined as a 
function of the shear deformation, as well as the normal force 
developed at the base. The mobilized normal soil resistance is 
formulated as a function of the pier rotation angle, e,, in Figure 
1. Accordingly, the resisting moment and lateral shear force 
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developed at the base because of pier rotation, er, were de
veloped as follows (4): 

vb = 13 (vo) * K, * Vu11 * (D2/6) 

Hb = a. (Vb, y0 ) * Vb tan (o) + Ca (IlD2/8) 

Mb = Vb * (3IlD/32) 

where 

K, = vertical modulus of subgrade reaction; 
vb = normal soil reaction mobilized at the 

base as a result of rotation, er; 
l/b = horizontal shear resistance mobilized 

between the base and the soil as a 
result of rotation, e,; 

0 = angle of friction between the base and 
the soil; 

vult = vertical displacement required to 
mobilize the ultimate vertical base 
resistance; 

(5) 

(6) 

(7) 

Mb = mobilized resisting moment at the base 
as a result of rotation, er; 

a(Vb, y,) = ratio of the lateral base deformation as 
a result of rotation angle, er, to the 
lateral deformation required to mobilize 
the full lateral shear resistance. This 
coefficient is a function of the lateral 
base displacement, y

0
, and the 

magnitude of the normal force, Vb, at 
the base; 

13(v o) = ratio of vertical base deformation as a 
result of rotation angle, er, to the 
vertical base deformation required to 
develop the ultimate vertical base 
resistance; and 

Ca = undrained shear strength x adhesion 
factor at the base. 

ULTIMATE RESISTANCE INCLUDING 
SLOPE EFFECT 

An ultimate lateral resistance expression for piers constructed 
in cohesionless soil deposits with horizontal ground surface 
was presented by Reese (14). In this formula, two mechanisms 
of soil resistance are assumed to exist. Near the ground surface, 
a passive wedge is assumed to provide the lateral resistance. At 
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FIGURE 2 Base and shear normal springs. 
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used in the analysis gets larger, the computational time in
creases and could be as long as 15 minutes for an analysis using 
100 elements, using a computer instrumented with an Intel 
8087 numeric data coprocessor that has a clock speed of 4. 77 
:MHz. 

OUTPUT INFORMATION 

For each successful execution, the program output is directed to 
three output files. The output files are saved on the default drive 
(i.e., the 'drive from which the program is loaded and executed). 
The name under which each output file is stored and the 
contents of each are described as follows: 

• OUTPUT.PRN. This file contains information about crit
ical input data and the output results for all the loading incre
ments used in the analysis. If the option for internally increas
ing the length is specified, this file is expected to be relalively 
large end comprehensive. The size of lhis file might be as large 
as 300 K. This is approximately equivalent to the size of a 
double-density, double-sided floppy disk. During the prelimi
nary analysis, if the option for the search of the appropriate 
length is selected, it is reconunended that the user specify the 
option to suppress the printout of this file. 

Once the appropriate length is found, a single run is executed 
using this length and the output file OUTPUT.PRN can then be 
printed. It would be beneficial to glance through this file to 
verify the input data. The information about the distribution of 
lateral deflection, moment, shear, and soil modulus, as a func
tion of depth,,is printed to this file. Also, the maximum shear 
and maximum moment in the pier, corresponding to each 
loading increment, are printed. 

• SUMMARY.PRN. This file contains a summary of the 
applied loads, input soil properties, and the pile .dimensions. 
The computed factor of safety, based on the predicted capacity, 
is printed whenever applicable. The factor of safety is printed 
each time the analysis is performed using a new length. A brief 
glance through lhis file would help the user to decide upon the 
appropriate pier length to be used. 

• PLOT.PRN. This is a special file prepared for using the 
output results in association with any graphics software pack
age to cr:eate a load-deflection plot. The output to this file 
consists of three columns. The third column represents the pier 
cop deflection, y, corresponding to different loading increments. 
The first and second colu.mn represent the lateral load, PT, and 
the value of the second boundary condition, BC2, applied at the 
top of the pier. In general, BC2 will be an applied moment or a 
specified pier top rotation. Short headings are used to help the 
user to identify the results. 

EXAMPLE PROBLEM 

An example problem is presented to demonstrate LTBASE 
capabilities. The example also serves to illustrate the ease of 
creating a batch input data file when a simple soil profile is 
encountered. The soil profile and the pier dimensions are given 
in Figure 4. The profile consists of a uniform sand deposit that 
has an angle of internal friction of 30 degrees. The ground 
urface is horizontal and the water table is located at a depth of 

5 ft . The pier is 30 in. in diameter. The initial estimated length 

p 

7 ' 

DEPTH 
(FT.) 

2 

3 

4 

" (DEGREE) 

. 
30.0 

87 

GROUNDWATER TABLE 

6 . 
30.0 

7 

• 30" .. 

FIGURE 4 Example problem: soil profile and pier 
dimensions. 

is chosen equal to 7 ft. The pier length is divided into seven 
increments, each increment having a length of 1 ft. In cases 
where part of the pier is extended above the ground surface, the 
choice of the element size should satisfy the following 
conditions: 

NxH=L 

NU x H =Le 

where 

N = number of elements, 
NU = number of elements above ground surface, 

H = element length, 
L = pier length, and 

Le = exposed pier length, above the ground 
surface. 

(21) 

(22) 

The tolerance of convergence is chosen equal to 1 x 10-3 

in. The maximum deflection criterion, at the top of the pier, is 
taken equal to 3.0 in. The applied design loads at the pier top 
a.re assumed 10 equal 2 kips lateral load, and 60 K-ft applied 
ground moment. This simulates a condition where a lateral load 
of 2 kips is applied at the top of a 30-ft column supported by 
the pier being analyzed. The pier head is assumed to be free to 
rotate. The limiting factor of safety criterion is chosen to equal 
1.5. Once this value is achieved, the program execution is 
ended and the results a{e printed. 

Because of the groundwater table, the soil profile is divided 
into two sublayers. The first layer is 5 ft tl1ick (from the ground 
surface to the groundwater level) and lhe second layer is 2 ft 
thick (from the groundwater level to the bottom of the pier). 
The existence of the water table is accounted for by using the 
submerged unit weight for the soil below the groundwater 
level. The unit weight of the soil above and below the water 
table is taken to equal 120 pcf and 57.6 pcf, respectively. The 
values of the coefficient of lateral subgrade reaction, K,.0 , were 
chosen according to the values given by Reese et al. (7). 

The vertical subgrade reaction coefficient., K,, used at the 
base of the pier was obtained by assuming that the full base 
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normal resistance will be mobilized at a downward movement 
of 5 percent D, and equal to 90 psi, according to the bearing 
capacity expression by Kulbawy (19). Based on the assumption 
of a linear relationship between nonnal base resistance and 
downward movement to failure, K, was computed to be ap
proximately 60 pci. The option for internally increasing the pier 
diameter ratio was selected. The printout of the outpul file 
OUTPUT.PRN was suppressed because of space limitations. 
Problem input data are shown in Figure 5. 

OUTPUT RESULTS 

The output file SUMMARY.PRN, given in Figure 6 1 provides 
the computed factor of safety as a function of pier length. The 
pier length was incremented by two elements, each 1 ft long. 
When the pier length reached 9 fr, the com pured factor of safety 
was found to be 1.98, which is higher than the specified 
minimum of 1.5. The execution of the program was then 
automatically tenninated and the resulrs printed. 

It is clear from the output file SUMMARY.PRN that the 
length that satisfies the factor of safety criterion is approx
imately 8 ft. Once Lhls length is found, a single run is executed 

l. LTBASE 
2. EXAMPLE RUN 
3. NCSU 
4. M. A. GABR 
5. 5 / 18/87 
6. l 
7. 2.0 60. l 1.5 
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using the length of 8 ft, and the output file OUTPUT.PRN is 
created. The file OUTPUT.PRN contains comprehensive infor
mation about the input data as well as the analysis results. The 
input data are printed for user verification. The pier deflection, 
moment, shear, and soil modulus are printed as a function of 
depth. Lateral pier top deflection is ploued versus the applied 
ground moment in Figure 7. The data required to produce such 
a plot are written to the file PLOT.PRN. 

SIGNIFICANCE OF BASE RESISTANCE 

The results of a parametric study indicating the significance of 
base resistance on the predicted uJLimate capacity of 2.5-ft
diameter piers are shown in Figure 8. In this study, the ullimal~ 
capacity is defined as the moment resistance corresponding to 2 
degrees pier rotation. The vertical subgrade reaction coeffi
cient, Kv, at the base of the pier was obtained by assuming that 
the ultimate base normal resistance, quit• will be mobilized at a 
downward movement of 5 percent D and equal to 150 psi. 
Based on the assumption of a linear relationship between 
normal base resistance and downward movement up to the 
deformaiion corresponding to failure, Kv was taken .to equal 
100 pci. The surrounding soil was chosen to consist of a 

B. 30.0 1.0 .001 3 . 7 0 l 0 O 
9. 30.0 60. 00.0 

10. 00.0 0. 
11. L 
12. s.o 30. 120.0 30 . 0 100. 00 .. 000 0 
13. 7.0 30. 57.60 30 . 0 60.0 00 .. 000 0 
14. 1 
15 . . 293E+ll 7. 

Notes Added for E?<Planation: 

1. Job title 

2 • Joo nUITtler 

3. Job location 

4. Operator 

5. Date 

6. Cl>tion to specify single run or nul tiple runs using incrS!'ellted 
length 

7. Lateral load Jlllmnt Code to indicate that 
the applied load is a 
Jlllmnt 

F.s. Criteria 

B. Diam. Length incrsrent Ccnvergence tolerance Deflec. limit 

No. of elsnents ~tion to internally Cl>tion to printout 
generate P-y curves P-y curves 

No. of elsrents ~ticn to generate 
above G.S. output file "output.pm" 

9. ~ at t:hl! base !\. at the base Cu at the base 

10. Ground surface slope angle in the front Groun:l surface slope 
anqle in the back 

11. No. of soil subl.ayers 

12, 13. Soil properties, pier diarreter an:l. option to generate P-y curves 

14. No. of different pier EI's 

15. E I 
PP 

FIGURE 5 Data for the sample run. 
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LT BA.SB 

PROJECT NO.: faamplc Run 
LOCATION: NCSU 
ANALYSIS RUN BY: M. A. OABR 
DATE: S/18(87 

SUMMARY 

•••• INPUT son. PROPERTIES AS A FUNCTION OF DEPTII •••• 

DEPTH, FT 

1.00 
2.00 
3.00 
4.00 
S.00 
6.00 
7.00 

UNIT WEIGHT, PCF 

120.00 
120.00 
120.00 
120.00 
120.00 
S7.60 
57.60 

IMPORTANT NOIB 

PHI, DEGREE 

30.00 
30.00 
30.00 
30.00 
30.00 
30.00 
30.00 

C, PSI 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

AS Tl II! J'lt:R IS INC!mAS ED IN UlNOTH BEYOND THAT INITIALLY SPllCU'lllD, Tl llS PROGRAM ASSUMES Tl IAT 
Tllll SOIL PROPERTIES REMAIN CONSTANT wrr11 Dl?PTll BP.LOW Tiffi INJTIAL DAS I! El.ll VATION. TP THE SOJL 
STRl!NOTI I ACTUA LLY DECREASES WITH DEPTH, TI U! LATERAL CAPACITY WI.LL BE OVER-PRf:.DJCTBD. 

••••INPUT LOADS, UMITINO DEFLECTION AND PILE DIAMETER •••• 

PT, KIPS BC2, K-FT BC CASE LIMIT DEFL., IN. DIAMETER, IN. 

2.00 60.00 3.000 30.000 

••• GROUND SURFACE SLOPE ANGLE IN THE FRONT, 
••• GROUND SURFACE SLOPE ANGLE IN THE DACK , 

.0000 DIJGREES ••• 

.0000 DEGREES ••• 

PILE LENGTH, FT 
7.00 
8.00 
9.00 

FACTOR OF SAFETY 
1.13 
1.48 
1.98 

FIGURE 6 Output file, SUMMARY.PRN. 
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uniform sand deposit with angle of internal friction q> of 30 
degrees. 

For LID ratios greater than four, Figure 8 indicates that the 
base resistance accounts for an increa e in capaciLy of approx 
ima1ely 10 percent. However, as the LID ratio decreases, the 

importance of the base resistance is obvious. For an LID ratio 
of 2.5, the model indicates that the capacity of a pier could be 
underpredicted by slightly more than 25 percent if the base 
resistance is not included. For LID ratios less than 2.5, the 
significance is even greater. 
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FIGURE 7 Lateral load-deflection 
response, sample problem. 

250 50 

E g:;-
I 

;:::-
6200 

z 
40 w ;:, . 

w 0 u ::! z 
~150 30 '.;? 
iii ;::: 

VI w iii a: 
a: 1 DO 20 ~ 
w 

~ a: 
w w 
';( 50 10 ~ 
::! 
;::: Cl'. 
-' u 
::> 0 ~ 

0 
2 3 50 

l/D RATIO 

FIGURE 8 Increase In capacity as a 
function of LID ratio. 
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EFFECT OF SLOPING GROUND SURFACE 

An analysis perfonned by the authors (10) indicated thal the 
percenc reducLion in lateral capacity due to the presence of a 
sloping ground surface was essentially independent of pier 
dimensions and soil properties. The ratio of sloping ground 
surfac~ capacity to horizontal ground surface capacity was 
found to be simply a function of the value of the ground surface 
slope angle, 0. A parametric study performed on a 2.S-ft
diameter and 7-fr-long pier is shown to illustrate the influence 
of the slope presence on the overall capacity. An idealized 
subsurface sand deposit with qi equal to 30 degrees was used. 
The p-y curves were internally generated by LTBASE using the 
procedure described by Reese et al. (8). However, the ultimate 
lateral resistance, used in the construction of the p-y curves, 
was computed using the developed expressions that account for 
the slope. 

A significam decrease in capacity was observed as a result of 
the slope presence. Figure 9 shows that for a ground surface 
slope angle, e, of 15 degrees, a 32 percent reduction in capacity 
is predicted for a pier rotation of 2 degrees. The reduclion is 
somewhat less for smaller deformations. At a pier rotat.ion of 
0.1 degrees, the 15-degree slope angle resulted in only a 5 
percent reduction in capacity. The smaller reduction in capacity 
at the 0.1 -degree rotation level is a result of using the same K1io 
values for both horizontal and sloping ground surface cases. As 
mentioned earlier, it remains to be investigated whether the 
slope presence would have an effect on the values of the 
coefficient of lateral subgrade reaction, Kho· 
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FIGURE 9 Moment capacity ratio as a 
function of ground slope angle. 

3 0 

COMPARISONS OF PREDICTED AND OBSERVED 
FIELD BEHAVIOR 

Predictions of the lateral response of 16 load tests performed by 
GAi and ITT (9) were performed using LTBASE. An extensive 
documentation of the load test procedures, soil properties, 
idealized profile of each site, and the corresponding organiza
tion can be found elsewhere (9). The soil properties used as 
input data were those reported by the test performers. The p-y 
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curve procedure developed by Reese et al. (J 5) was used 
whenever a sand profile was encountered and the procedure 
developed by Sullivan (7) was used for clay. The base load
deformation relationships were developed following the pro
cedure described previously in this paper. 

To summarize the results and aid in evaluating model predic
tive capability, the measured versus predicted capacities are 
plotted for 1 and 2 degrees of pier rotation in Figure 10. Tests 
for which pier rotation as a function of applied moment was not 
provided were evaluated assuming that the pier rotated about a 
point two-thirds of the pier length down from the top. Rotations 
of 1 and 2 degrees correspond to pier top lateral deflections of 
1.4 and 2.8 in., respectively, for a pier length of 10 ft. 

The data are shown in conjunction with a 45-degree line, 
indicating perfect agreement between measured and predicted 
responses. Lines representing predicted values equal to 1.25 
and 0.75 times the measured response are also shown. Linear 
regression analyses were performed on the data and resulted in 
slopes of 0.82 and 0.83 for the 1- and 2-degree rotation plots, 
respectively. It is shown from the foregoing statistics that the 
predictions are generally conservative and tend to somewhat 
underestimate the pier capacity. However, it should be noted 
that, at small deformation, the predicted response would be 
dependent, mostly, on the coefficient of lateral subgrade reac
tion and its distribution with depth. As the deformation in
creases, the predicted response becomes more governed by the 
ultimate lateral soil resistance and the base resistance. 

For comparison, the measured versus the predicted capaci
ties, using the computer program COM624 developed by 
Reese, are shown in Figure 11. The slope of the regression 
lines, standard error of the slopes, and the regression coeffi
cients are given in Table 1. The standard error values indicate 
the variation of the data points around the slope of the best fit 
line. Using COM624, it was found that approximately 68 
percent of the predicted responses were less than 0. 7 5 times the 
actual measured field behavior, as shown in Figure 11. 

TABLE 1 STATISTICAL PARAMETERS EVALUATED AT 
1- AND 2-DEGREE ROTATION 

Slope of regression 
line 

Standard error of slope 
Cocflicienl of correlation, R2 

Percent predictions exceed 
1.25 the measured capacity 

Percent predictions less than 
0.75 the measured capacity 

LTBASE 

Degrees 

2 

0.83 
0.04 
0.87 

0 

0.82 
0.04 
0.85 

0 

13 13 

PIERS CONSTRUCTED ON SLOPES 

COM624 

2 

0.64 0.56 
0.04 0.04 
0.59 0.56 

0 0 

68 68 

The predicted and measured field behavior of five field load 
tests of drilled piers constructed in profiles with sloping ground 
surfaces are presented (Figure 12). One of the test piers was 
embedded in a cohesionless soil with a 3.5: 1 sloping ground 
surface, whereas the other four were in a residual soil profile 
with a 2.2: 1 sloping ground surface. All the piers were loaded 
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FIGURE 10 Predicted versus measured moment resistance at 1 and 2 degrees 
rotation: LTBASE. 
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FIGURE 11 Predicted versus measured moment resistance at 1 and 2 degrees 
rotation: COM624. 
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FIGURE 12 Predicted versus measured moment resistance at 1 and 2 
degrees rotation for laterally loaded piers on slopes. 

in the down slope direction. Detailed descriptions of the test 
procedures, site soil properties, and load test results can be 
found elsewhere (20). 

In general, the measured responses were in reasonably good 
agreement with those predicted It should be noted that at the 
early stage of the moment-deflection curve (for small deflec
tions) the predicted response is highly dependent on the value 
of the coefficient of subgrade reaction, Kn,,· This establishes 

the need of a procedure for the evaluation of ·Kho in residual 
soils. 

In three of the five piers tested, the measured capacity was 
somewhat underestimated al large deformations, although the 
other two prediclions overpredicted the capacity by a nearly 
equal percentage. Nevertheless, it should be noted that the 
ultimate resistance values, Pu, computed using the developed 
slope expressions (JO, 20), are modified using an empirical 
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ultimate capacity adjustment parameter introduced by Reese et 
al. (7). This parameler, whlch is a function of pier diameler and 
depth, was developed to force Pu from theory to match test 
results. However, this parameter ww; developed on the basis of 
test dala from piles constructed in a horizontal ground surface 
profile. It remains to be seen if this parameter is influenced by 
the presence of a sloping ground surface. 

Moreover, the formulation of the theoretical expression 
included the effect of the active force developed behind the pier 
(10, 20). It has been observed thaL, at least for partially satu
rated soil deposits, this active force does not develop in the 
field (9, 10, 20). This active force ulLimately has an influence 
equal to about 5 to 10 percent of the passive resistance. 
However, for generality il was deemed desirable to include the 
active force effect. In the final analysis, a solulion including 
this effect is conservative and therefore acceptable at this 
time. 

SUMMARY 

This paper presents the capabilities. of the computer program 
LTBASE, which has been developed to evaluate the nonlinear 
lateral load-deflection response of laterally loaded piers. A 
procedure to account for the influence of mobilized resistance 
at the base of the piers on the predicted lateral response is 
described. Also, a methodology supported by theoretical for
mulation is implemented in the program for the analysis of 
cases where the laterally loaded piers are constructed on 
slopes. 

The importance of considering base resistance effects and 
sloping ground surface has been presented. For a 30-in.
diameter pier with an LID ratio of 2.5, in loose sand, the base 
resistance is shown to increase the predicted ultimate moment 
capacity by more than 25 percent. The corresponding capacity 
at any design deflection level is also increased, although to a 
lesser degree for smaller rotations. On the contrary, the pres 
ence of a sloping ground surface decreases the pier capacity. 
For the same pier constructed in a 15-degrce slope, 3.7:1, the 
predicted capacity corresponding to 2-degree rotation is shown 
to decrease by approximately 32 percent 

The capability of LTBASE to predict the measured field 
behavior of 16 piers constructed in horizontal ground surface 
profiles and 5 piers constructed in sloping ground surface 
profiles was also demonstrated. In general, the prediclions 
obtained from LTBASE agreed reasonably well wi.th the mea
sured field behavior, with all but one prediction within ±25 
percent of the measured response. 

LTBASE is capable of running on an IBM-compatible PC. 
Storage required for the sum of the code, data, and constants 
blocks is about 300 K. Minimum amount of random access 
memory (RAM) required to run the program is about 200 K. 
Maximum number of nodes and elements corresponding to this 
capacity is 101 and 100, respectjvely. The program is coded in 
FORTRAN77 computer language. The source code was com
piled using the Microsoft FORTRAN77 version 3.2 compiler. 
The compiled code is Jinked to MS-FORTRAN runtime library, 
FORTRAN.LS?, which supports an 8087 math coprocessor. 
The Microsoft 8086 object linker version 3.02 was used in the 
linking process. Double precision arithmetic is used throughout 
the program to enhance the accuracy of the solution. 
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