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Coefficient of Subgrade Reaction and Its 

Influence in Slabs on Ground Design 

Accordingly to Different Methods 
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aFederal University of Santa Maria, Brazil 

Abstract. This research proposes a study of the coefficient of subgrade reaction (kv) 
variation in slabs on ground design. Different values for coefficient of subgrade 
reaction (kv) were obtained through Slow Maintained Load Test (SML) and adapted 
for the foundation’s geometry and type of soil by methodologies such as Velloso 
and Lopes (2011), American Concrete Institute (1988), Terzaghi and Peck (1948), 
Terzaghi (1955), American Concrete Institute (1995) and Moraes (1976). The plate 
load test was performed in a military area of Santa Maria, RS, whose soil is stratified, 
evidencing sandy loam and inorganic silt. The chosen structure for analysis was a 
reinforced concrete building, formed by four floors and its loads were obtained 
accordingly to the NBR 6118/2014. The foundation system was a slab on ground. 
The structure, footing and soil were simulated using a computational tool and the 
variables were the thickness of the slab on ground and the kv. It was extracted results 
for vertical displacements of each pilar and foundation and was realized that as the 
kv and thickness of the slab foundation increase, the settlement reduces in general. 
Even though the values for kv obtained were fairly different, all displacements were 
considered acceptable by Terzaghi and Peck (1948), Skempton and Mac Donald 
(1956). 

Keywords. Slab foundation, soil-structure interaction, slow maintained load test.  

1. Introduction 

The foundations design require knowledge about the geotechnical behavior of soils and 

rocks and the structures. The loads imposed by the structure acts on the soil through the 

foundations, resulting in settlements, sometimes neglected on structural design. So many 

pathologies can occur by soil structure interaction. One method to consider this 

interaction is the Winkler model, which consider the effects of the soil over the structure 

like a set of springs, whose proportionality coefficient between stress and deformation is 

the coefficient of subgrade reaction (kv). This coefficient can be obtained by several 

methods, such as correlations with the type of soil, geometry of foundation, plate load 

test and so on. This study compares different methods for obtainment of kv and analyze 

it through an edification whose chosen foundation is a slab on ground. 
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1.1. Methods for obtainement of kv 

The recommended test for obtainement of kv is the load plate test (NBR 6889/89) [1]. 

Terzaghi (1955) [2], estimated values for kv with load plate tests, dividing the soils 

between sands and clays (Table 1).  

 

Table 1. Values for kv obtained by Terzaghi (1955) – adapted. 

Clays Stiff Very stiff Hard 

Range of values (kN/m³) 16000 to 32000 32000 to 64000 >64000 
Adopted value (kN/m³) 24000 48000 96000 

Sand Loose Medium Dense 

Range of values (kN/m³) 6000 to 19000 19000 to 96000 96000 to 320000 
Sand above the water 

table (kN/m³) 
13000 42000 160000 

Sand below the water 
table (kN/m³)

8000 26000 96000 

Moraes (1976) [3] proposes a range of values for soils accordingly to the 

granulometry and saturation, see Table 2. 

 

Table 2. Values for kv suggested by Moraes (1976) – adapted. 

Type of soil kv (kN/m³) Type of soil) kv (kN/m³) 

Light turf – marshy soil 5000 to 10000 Dense silt with sand and gravel 80000 to 100000 
Heavy turf – marshy soil 10000 to 15000 Dense silt with gravel and sand 100000 to 120000 
Fine beach sand 10000 to 15000 Fine gravel with fine sand 80000 to 120000 
Lanfill of silt, sand and gravel 10000 to 20000 Medium gravel with fine sand 100000 to 120000 

Wet clay 20000 to 30000 Coarse gravel with coarse sand 120000 to 150000 
Satured clay 40000 to 50000 Coarse gravel with few sand 150000 to 200000 

Dry clay 60000 to 80000 Coarse sand with few compacted sand 200000 to 250000 
Hard dry clay 100000

 

In the Table 3, it is possible to see the values for kv proposed by ACI (1997) [4], 

correlated with California Bearing Ratio. 

 

Table 3. Values for kv suggested by ACI (1997) – adapted. 

 CBR (%) kv (kN/m³)  CBR (%) kv (kN/m³) 

OH 2.0 to 5.0  7700 to 33200 SP 15.0 to 25.0 71300 to 93300 
CH 2.0 to 5.0 7700 to 33200 SM 20.0 to 40.0 83300 to 116600 
MH 2.5 to 8.0 13600 to 48200 SW 20.0 to 40.0 83300 to 116600 
OL 2.0 to 8.0 7700 to 71300 GC 20.0 to 40.0 83300 to 116600 
ML 3.0 to 15.0 18500 to 71300 GU 25.0 to 50.0 93300 to 128900 
CL 3.0 to 15.0 18500 to 71300 GP 35.0 to 60.0 109700 to 139400 
SC 10.0 to 20.0 55900 to 83300 GM 40.0 to 80.0 116600 to 157300 
SU 10.0 to 20.0 55900 to 83300 GW 60.0 to 80.0 139400 to 157300 

The soil is not a characteristic of the soil, but a stiffness property of the setting soil-

structure. Therefore, it is necessary to correct the kv obtained from the plate to a real 

foundation. Velloso and Lopes (2011) [5] suggest the correlation of the Equation, using 

shape factors. 
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For the American Concrete Institute (1988) [6], a proper correlation is showed in 

Equation 2. 

��,� �	��,� 	��
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; 0.5 � � � 0.7 (2) 

Terzaghi and Peck (1948) [7] also suggest a shape foundation correlation, see 

Equation 3. 
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where ��,� =coefficient of subgrade reaction of the foundation, ��,� =coefficient of 

subgrade reaction of the plate, b=smaller dimension of the plate, �
,�=shape factors for 

the plate, B=smaller dimension of the foundation and �
,� =shape factors for the 

foundation. 

The acceptable total settlements for slabs on ground according to Terzaghi and Peck 

(1948) [7] and Skempton and Mac Donald (1956) [7] are 50 mm and 40 to 60 mm for 

granular soils, respectively and 65 to 100 mm for Skempton and Mac Donald (1956) [8]. 

2. Materials and methods 

2.1. The soil 

The chosen area to perform the Slow Maintained Load Test (SML) was a military area 

in Santa Maria, RS, Brazil. Some studies of soil stabilization were realized in this area 

due the presence of ravines and soil erosion caused by the traffic of heavy vehicles [9].  

The soils horizons are visible in the Figure 1. The first horizon, named (a), it is 

possible to identify vegetal soil, composed mostly by organic material. Then, this soil 

was removed before the test, so the plate was settled over the horizons (b) and (c). Soils 

(b) and (c) were collected in order to classify the type of soil according to Unified Soil 

Classification System (USCS) and Highway Research Board (HRB) with sieve analysis 

(NBR 7181/82) [10] ,  Atterberg Limits (NBR 6459/84 [11] and 7180/84[12]) and 

specific gravity (DNER-ME 093/94 [13]). 

 

Figure 1. Soil horizons of the area of study. 
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In order to verify the bearing capacity of the soil and the settlement behavior, a load 

plate test was performed. The reaction system employed was a battle tank M60A3 TTS, 

which weight is approximately 52000 kilograms. The dial gauges were positioned 

oppositely over the plate and the load was applied with a hydraulic jack. A general view 

of the test can be seen in Figure 2. 

 

Figure 2. Arrangement of the load plate test. 

2.2. The structure 

In order to analyze the soil-structure interaction, it was necessary to choose a hypothetic 

structure to interact with the studied soil. The structure counts with a foundation slab, 

four pavements and a roof slab. The height of the building is 12 m and the area of each 

pavement is 128.7 m² (15.75 m × 8.17 m). Each pavement has 15 pillars, with a distance 

of 3.70 and 3.80 between then.  The beams, pillars and slabs have dimensions of 0.19 × 

0.30 m, 0.19 × 0.40 m, 0.10 m thick, respectively. The structural design was made 

according to brazilian standard methods NBR 6120/80 [13] and NBR 6118/14 [14]. It 

was made 36 simulations, varying the foundation slab’s thickness (20 cm, 30 cm, 40 cm, 

50 cm, 60 cm and 100 cm) and the values of kv. 

3. Results 

3.1. Geotechnical tests 

The sieve analysis and other characterization tests enabled the classification of the soils 

(b) and (c) accordingly to Unified Soil Classification System (USCS) and Highway 

Research Board (HRB). The results are in the Table 4. 

Table 4. Results of the characterization tests. 

 Soil (b) Soil (c) 

wL (%) 25 40

Ip (%) 10 12

P#200 (%) 35<P<50 P>35

Dt 2,672 2,682

SUCS SC – Clayey sands ML – Inorganic silts 

HRB A6 – Clayey soil A7-6 – Clayey soil 
where wL=liquid limit, Ip=plasticity limit, P#200=percentage of material passing the sieve #200 and Dt=specific gravity. 
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As a result of the plate load test, the stress-settlement curve and its mathematical 

expression can be seen in the Figure 3. 

 

Figure 3. Stress-settlement curve of the study. 

3.2. Values of coefficient of subgrade reaction 

������ Correlation with the type of soil 

According to the soil classification and the visual-manual procedure of soil identification, 

it was possible to infer the kv, based on the methodologies of Terzaghi (1955) [2], 

Moraes (1976) [3] and ACI (1997) [4]. 

• Terzaghi (1955) [2]: the studied soil was classified as a medium dense clayed 

sand, so the chosen kv was 42000 kN/m³; 

• Moraes (1976) [3]: the closest classification for the soil found in Moraes (1976) 

is dry firm clay, so the arbitrated kv was 100000 kN/m³; 

• ACI (1997) [4]: it was chosen a value for kv that included the two kinds of soil 

found on the site. It was selected the mean between the minimum and maximum 

values for clayey sands, which are included in the silts range. The adopted value 

was 69600 kN/m³. 

������ Correlation with the foundation’s geometry 

According to the dimensions of the slab on ground (10.17 × 17,75 m) and some shape 

factors, it was possible to infer the kv, based on the expressions developed by Velloso 

and Lopes (2011) [5] , ACI (1988) [6] and Terzaghi and Peck (1948) [7]. 

• Velloso and Lopes (2011) [5]: kv = 4808.5 kN/m³; 

• ACI (1988) [6]: 19807.5 kN/m³; 

• Terzaghi and Peck (1948) [7]: 61171.4 kN/m³. 

������ Analisys 

The correlations between Terzaghi and Peck (1948) [7] and ACI (1997) [4] showed 

similar values for kv, while the methodology recommended by Velloso and Lopes 

showed a small value. The computational analysis was performed using different 

A. Sagrilo et al. / Coefficient of Subgrade Reaction and Its Influence1194



thickness of the slab on ground (20 cm, 30 cm, 40 cm, 50 cm, 60 cm and 100 cm). The 

load of the building, used to determine the pressure imposed to the soil, did not consider 

the load of the foundation, using only the load of the pillars, slabs and beams. If compared 

the values for kv considering the slab foundation load (in the worst case, which is the 

slab 100 cm thick) or neglecting it, the values of kv are still very similar, like shown in 

Table 5. For any value of kv, only the slab foundation thickness of 50 cm, 60 cm and 100 

cm would be constructively feasible; the other ones could not be sufficiently reinforced.  

 

Table 5. Results of the characterization tests. 

 kv (kN/m³) – neglecting the 

slab on ground load 

kv (kN/m³) – considering the 

slab on ground load 

Terzaghi (1955) [2] 42000 42000

Moraes (1976) [3] 100000 100000

ACI (1997) [4] 69600 69600

Velloso and Lopes (2011) [5] 4808.50 4686.63 

ACI (1988) [6] 19807.40 19305.39 

Terzaghi and Peck (1948) [7] 61171.40 59621.05 

3.3. Displacements 

The Figure 4 shows the mean displacement of the pillars in the studied structure for each 

slab foundation thickness, accordingly to the kv specified. The Figure 5 consider the 

bigger vertical displacement in the foundation slab. 

Through Figures 4 and 5, it is possible to infer that as the thickness of the slab 

foundation increases, the displacements of the foundation and the structure decreases, 

since it increases the shear strength of the foundation, and the solicitant stress that acts 

in the soil is smaller. The kv values of 4808.5 kN/m³ and 19579.5 kN/m³ showed 

displacements different from the general trend line. This behavior seems to be related to 

the considerable difference between the test plate and the foundation. So, in order to 

define a value for kv that returns an reasonable settlement, it was chosen the mean 

settlement between the other values for kv (kv=42000 kN/m³, 61171.4 kN/m³, 69600 

kN/m³ and 100000 kN/m³). This is called “mean acceptable kv”. The value of kv that 

returns these settlements is between 61171.4 kN/m³ and 69600 kN/m³. 

 

Figure 4. Pillars’displacement. 
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Figure 5. Maximum displacement in the slab on ground. 

3.4. Acceptable soil settlement 

Terzaghi and Peck (1948) [7] and Skempton and Mac Donald (1956) [8] propose limit 

values for total settlements for slab foundations. It was not verified higher settlements 

than the ones pointed by the technical bibliography. So, the simulated edification and its 

foundation design is considered adequate. 

4. Conclusions 

The main objective of this work was analyze the soil-interaction structure, applying the 

Winkler hypothesis, for an edification whose foundation was a slab on ground. The 

Winkler hypothesis, even though is limited, is easy to apply and consider the occurrence 

of settlements, different than most of the structural design. 

The values for kv were obtained by load plate test, using correlations with the 

geometry’s foundation and using correlations with the type of soil. It was possible to 

verify that the correlations that used the load plate test showed discrepancy between then. 

The possible cause for this behavior is the soil stratification, which presents a clayey 

sand and an inorganic silt, evidencing different geotechnical characteristics. The values 

for kv that returned settlements out of the general trend line seems to be related with the 

dimensional difference between the plate and foundation. A reasonable value for kv was 

proposed, based on the results of computational analysis for pillars and slab on ground 

settlements. 
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