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diagram sim ilar to that shown in  F ig . 7 # and is  found to be between 0.2 and 0.3 fo r  th is  ou lvert.
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No. L-1+ THE APPLICATION OF SOIL MECHANICS TO HIGHWAY FOUNDATION ENGINEERING
John 0. Morton, S o ils  Engineer, New Hampshire State Highway Department, Concord, N.H.

Development of the soienoe of S o il MeohanioB has provided a s c ie n t if ic  method fo r  analysis of high­
way foundation problems. Construction of roads over swamp areas, use of fin e  grained s o ils  in  deep f i l l  
section s, determination of ledge and boulder areas, e ffectiven ess of sub-drainage stru ctu res, consolida­
tio n  and com pressib ility of fin e  grained s o i ls ,  manipulation of s o ils  to provide sta b ilize d  base- or sur­
face m aterials are problems common to  a l l  highway engineers. In the northern s ta te s , fr o s t  aotion is  of 
major importance.

Previously, methods of s o i l  c la s s if ic a tio n  were geological in  nature and proved more oonfusing than 
h elp fu l. Under these conditions i t  was general practise  to design roads with a uniform seotion regard­
le ss  of variab les presented by natural foundation conditions. As a r e s u lt , fa ilu re s  oocurred a t  weak 
points in  the subgrade and from improper use of natural su b soils. Large sums of money were wasted by 
over-design in  sections of good natural foundation m aterial and unnecessary construction of under-drains.

In 1929 the U.S. Bureau of Public Roads provided a scheme of c la s s ify in g  s o ils  into groups fo r  high­
way studies; eaoh group representing a d iffe re n t s o il  ch a ra cte ris tic  capable of a d e fin ite  mechanioal 
aotion. Beoause of i t s  national scope, th is  group o la s s ifio a tio n  was broad. I ts  tendency has been to 
evaluate s o il  as a surfacing m aterial.

Frost action  problems of northern states have necessitated  revisions in th is  group c la s s if ic a tio n . 
F ig . 1 i l lu s tr a te s  group revisions made fo r New Hampshire foundation stu d ies. Attention is  ca lled  toward 
the attempt made to  oonform w ith the U.S. Bureau of Publio Roads group c la s s if ic a t io n . Figure 2 i l lu s ­
tra te s  the s o i l  c la s s if ic a tio n  of the U.S. Bureau of S o ils  that has been adopted by the U.S. Bureau of 
Public Roads and is  in  general use in State Highway organizations fo r  foundation stu d ies.

Application of group o la s s ifio a tio n  to  New Hampshire highway foundation problems is  accomplished in 
the follow ing manner. (Frost action  referred  to  is  the heaving that occurs under average winter condi­
tio n s, when a pavement l+w -6" th iok  is  constructed d ir e c tly  on the natural su b so il).

Group A-2. Graded m aterials that contain binder ( s i l t  and c la y ) , capable of fr o s t  action  in varying 
degrees. Amount of fr o s t  aotion is  a d ireot function of» 1 .  Depth and rate  of fr o s t  penetration.
2. Elevation of ground-water ta b le . 3» S i l t  and c lay  content of the m aterial. Free water is  encountered 
as a ground-water ta b le . Underdrains are e ffe c tiv e  in  lowering the water tab le  and reduoing fr o s t  aotion. 
The degree to  whioh th is  m aterial is  cemented, i t s  peroentage of fin e  m aterial end i t s  natural water 
content influence the period of readjustment necessary fo r  i t s  safe use as f i l l  in  deep sectio n s. Gla­
c ia l  t i l l  s o ils  represent th is  group. Sub-divisions have been made as follow s:

Group A-2G. Graded m aterial that oontains 10$ or le s s , s o il  with a grain s ize  smaller than 0.05 mm;
lig h t  fr o s t  action  (2"-ii" heaving). S oils known lo c a lly  as sand or gravel hardpans re­
present th is  group.

Group A-2F. Graded m aterial that oontains between 10$ and 25$ s o i l ,  w ith a grain s ize  smaller than
0.05 mm. Frost aotion to  the extent of l+"-6” heaving. S o ils  known lo c a lly  as s i l t  hard- 
pans represent th is  group.

Group A-2P. Graded m aterial that contains over 25$ s o il  with a grain s ize  smaller than 0.05 mm. Ex­
cessive fr o s t  action  (6” -  9" heaving). S o ils  known lo c a lly  as c la y  hardpan or boulder d a y  
represent th is  group.

Group A—3. Coarse m aterials only. Cohesionless sands and gravels. Free from fr o s t  actio n . Porous, 
w i l l  not support a ground-water ta b le . Readily adjust themselves when used in deep f i l l  
sectio n s. Excellent support fo r  r ig id  pavements.

Group A-1+. S i l t  without coarse m aterial. High and rapid o a p illa ry  action . Excessive fr o s t  action
(8” -  ll+" heaving). Free 7/ater as a ground-water tab le  not enoountered. Underdrains con­
structed a t standard depths (i+l- 5 l below fin ish ed  grade) are not e ffe c tiv e  in reducing fr o s t  
actio n . Long period of readjustment neoessary when used as f i l l  in deep section s.

Group A-6. Clay without coarse m aterial. C apillary  action not as rapid as that enoountered in  s i l t
group, 6" -  9" fr o s t  heaving. Free water as a ground-water tab le  not encountered. Under­
drains constructed a t  standard depths are in e ffe c tiv e  in  reducing fr o s t  aotion. Long 
period of readjustment neoessary when used as f i l l  in  deep sectio n s.

Group A-8 Muck and peat. Highly unstable. High organic and vegetable content. Capable of displace­
ment or excessive settlem ent.

Application of c o il  and group c la s s if ic a tio n  to highway engineering is  accomplished through the s o il  
survey. The s c i l  survey consists of studies aimed a t id en tify in g  and solving variab les presented by 
natural foundation oonditions. In scope i t  covers lo cation , c la s s if ic a t io n , condition, action and 
quantity of: 1 . Natural su b soils. 2. Swamp areas. 3» Solid and boulder ledge areas. 1+. Top s o i ls .
5* M aterials used for previous road construction. The presentation of th is  data is  accomplished by 
means of: 1 . A s o il  p ro file . 2. A s o il  p ro file  report.

The s o il  p ro file  is  produoed by making borings and te s t  p its  at s u ff ic ie n tly  close in tervals and to 
a depth that permits accurate knowledge to be obtained about m aterial that w i l l  be moved or affected  by 
new construction. To further o la r ify  c la s s if ic a tio n , a s o il  p ro file  legend (Fig. 3) has been adopted fo r
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use in oonjunotion with the group c la s s if ic a t io n . The method of recording permits other conditions to 
be noted as location  of natural water pockets, side h i l l  areas, surface drainage conditions, nature of 
muck and top s o il  areas. Attention is  ca lled  to the a d v is a b ility  of ra is in g  or lowering the grade.
F ig . 1j  and 5  are ty p ic a l illu s tr a tio n s  of s o il  p ro file s  on New Hampshire p ro jeo ts. Instead of the 
crossing hatching employed on the i l lu s tr a t io n s , colors are employed fo r  the increased speed obtained by 
th e ir  use.

The s o il  p ro file  report is  furnished in  oonjunotion with the s o il  p r o file . I t  am plifies p ro file  
data and covers phases of design and construction not permitted on the p r o f ile .  Under the follow ing 
headings i t  consolidates a wide range of v i t a l  information.

1 . Present Road Surface - A h isto ry  of the old road surface is  presented, including i t s  charaoter 
and condition and the m aterials used fo r  i t s  construction. The study of the old road is  made to secure 
preoise information r e la tiv e  to  seasonal breakups, location  of weak points in  the subgrade and surface- 
drainage conditions. Suoh knowledge permits ohecking of the weak points in  the subgrade against the 
s o il  p ro file ; i t  correlates s o il  p ro file  data with actual f ie ld  conditions.

2. Subsoil Conditions -  A description of natural s o il  conditions and character of exoavation is  pre­
sented. I t  points out whether the m aterial is  lo o se ly  deposited or very compaot, oohesionless, cemented 
or p la s tic i  wet or dry; l ik e ly  to  shrink, erwell, s l ip ,  subside or produoe fr o s t  actio n .

3. Swamp Areas - Location and depth of swamp areas are accompanied by information as to  whether or 
not the m aterial is  a peat or muck. The s t a b i l i t y  of the m aterial is  noted, and methods of constructing 
the road over such areas are suggested.

1|.« Ledge Areas -  The location  of so lid  ledge is  given by statio n s; areas of boulder ledge are 
located, and an estimate is  made of the peroentage of boulder ledge that w i l l  be encountered by excava­
tion  through these seotions. Information on the charaoter of ledge is  recorded.

5. Topsoils -  The condition and location  of to p so il m aterial is  noted, and recommendations are made 
as to  the d e s ir a b ility  of removing these m aterials when encountered in  lig h t  f i l l  seotions.

6. Alignment of Roadway -  Often the s o il  p ro file  w i l l  bring to lig h t  conditions that predict co stly  
construction or maintenance items on the proposed lin e ; a description  of these conditions with a suggested 
lin e  change and reasons is  recorded.

7 . Grade Recommendations -  Conditions are pointed out that permit the establishment of a grade with 
regard to the condition and type of the natural su b soil; recommendations are made to  avoid heavy cuts 
through ledge section sj atten tion  is  ca lled  to  the dangers of construction a t low elevations over wet 
areas, and heavy outs w ith the aide slopes moved back may be suggested to take advantage of good natural 
foundation m aterials.

8. Foundations and Underdrains -  Recommendations are made regarding the amounts of base course neces­
sary to  meet variab les presented by the natural subsoil; underdrains are located; a tten tio n  i6 oalled  to  
conditions where construction of the base course in  th in  layers w i l l  re su lt  in  such mixing with the 
natural subsoil that the value of the base course is  lo s t .  Methods of construction are suggested to 
remedy suoh conditions.

9» Remarks -  A ttention is  oalled  to  any unusual condition not covered in  other seotions of the re­
p ort. Seasonal variation s a ffe c t  construction methods and upset design plans. Certain types of so ils  
( s i l t s  and graded m ateria ls), i f  moved during periods of seasonal ra in s , may become h igh ly unstable; 
construction with the same m aterial in  dry seasons o ffers  no unusual d i f f ic u lt y .  Knowledge of these 
fa c ts  permits work to  be performed during favorable seasons.

Application of s o il  survey data has developed new trends of p ractise  and opened f ie ld s  of thought 
that are important advanoes in  highway engineering. Of great importance is  the replacement of a uniform 
base oourse by a varied design; Advantage is  taken of good natural foundation m aterials; weak points in 
the subgrade are corrected by the proper use of varying amounts of sub-base m aterials and the correct 
location  and design of underdrains. A common fa l la c y  has been the attempt to  design so that out and f i l l  
sections balance. D e sira b ility  of such prooedure is  dependent on natural foundation m aterials. With 
knowledge that excavation w i l l  be into dangerous m aterials, balanoed quantities are avoided. Design is  
made with due regard to  s o il  shrinkage and sw ell p o s s ib i l i t ie s .  Cemented or oompaoted s o ils  and ledge 
rock sw ell upon being excavated. Loosely deposited m aterials and s o ils  high in  water oontent cause 
shrinkage. Determination of the shrinkage fa cto r  is  dependent on th is  information. Underdrains are con­
structed in  seotions where they w i l l  be e f fe c t iv e . S i l t  and d a y  s o ils  have high o a p illa ry  properties 
and drains constructed in  these m aterials have but small value or may even prove detrim ental. Knowledge 
of swamp area conditions has enabled the engineer to develop various means of solving these problems. 
Complete excavation of the m aterial, displacement by b la stin g , loading the swamp area before the use of 
explosives, reducing the s t a b i l i ty  by the addition of water in  s u ffic ie n t  quantities to  cause the 
m aterial to flow  are d iffe re n t solutions of such problems. Seleotion of a method of procedure that w i l l  
be 6uocessful and allow  an accurate estimate to  be made of the quantity of m aterials involved, is  made 
ava ilab le  by the s o il  survey.

Use of underdrains, insulating m aterials, treatment of natural subsoils with bituminous or chemioal 
m aterials, prevention of base oourse m aterials from mixing with the natural subsoil fo r  combating fr o s t  
aotion or inorea6ing s o il  s t a b i l i t y ,  together with methods of f i l l  construction, are problems in  need of 
further development.

Conclusion. Attention is  oalled to the ambiguous method now employed fo r  the group c la s s if ic a t io n  of 
so ils  in  regions where fro 6 t aotion is  of major importance. Need of providing a more sim plified  method 
of group recording is  great. A d istin ctio n  in  group c la s s if ic a tio n  that would be applicable to the 
natural foundation problems present in  d iffe re n t sections of the oountry is  suggested. Lack of unifor­
mity in  the use of symbols fo r  s o il  c la s s if ic a t io n  provides another re a l handicap. Correction of these 
discrepancies i6 highly desired.
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RECOMMEND A CUT BETWEEN STA. 10/00 AND STA. 13/00, 
/NCPEASE ITS  WIDTH FOP THE EXCELLENT MATERIAL 
AVAILABLE. CONSTRUCT PAVED DITCHES.

DANGEROUS SILT POCKET,STA.13/50 TO STA. 14/50, 
EXCAVATE TO 4 BELOW FINISHED GRADE AND REPLACE 
WITH GRAVEL SUB-BASE COURSE.

RECOMMEND STABILITY OF MUCK BE DECREASED BY CROSS 
SECTION BLASTING, STA. 17/00 TO STA.23/00. FIGURE 
QUANTITIES FOR COMPLETE DISPLACEMENT. AVOID 
CONSTRUCTION OF HIGH TYPE PAVEMENT.

NATURAL WATER POCKET ON RIGHT AT STA.I5/00.ELIMINATE 
BY CONSTRUCTION OF SIDE DITCH 50'RIGHT OF £ TO LOW 
GROUND AHEAD.

10/00 15/00

10/00 11/00 12/00 13/00 14/00 15/00 16/00 17/00 16/00
50IL PROFILE

/ORIGINAL GROUND LINE

OF FINISHED ROAD

ENGINEER'S PROFILE 

11/00 12/00 13/00 14/00

OF TOP SOIL

__j_______ i_______ i-----

IS/00 17/00 18/00

25/00 26/00 27/00 28/00 29/00 30/00 3HOO 32/00 33/00
ENGINEERS PROFILE

THROUGHOUT STA.SOi T0STA.40J: CONSTRUCT 6 " UNDERDRAIN ON LEFT,
5 ' BELOW FINISHED GRADE. CONSTRUCT 2 ' SUB-BASE COURSE IN ONE LAYER 
THROUGH THIS SECTION.

STA. 31/20, LEFT 40.L0CAT/0N OF SPRING

LARGE SIDE H/LL AREA ON LEFT LARGE SIDE H/LL AREA ON LEFT

25ZOO zaoo  27/00 28/00 29/00 3C/00 31/00
SOIL PROFILE

32/00 33/00

AVOID CUT INTO SOLID 
LEDGE; STA.15/00 TO STA.2G/00. 

WHERE TOP SOIL IS LESS THAN S' 
BELOW FINISHED GRADE, REMOVE 
TO A DEPTH OF I 'AND REPLACE 
WITH SELECTED EXCAVATION.

HEAVY LEAF MOULD TOP SOIL

RAISE

BROOK-STA. 23/SO, CONSTRUCT | (HEAVY LEAF MOULD TOP SOIL

SURFACE B0ULD ERS\ SURFACE BOULDERS

ORIGINAL GROUND LINE

LINE OFUNDERDRA/N

Figs. -4 £5- T y p ica l Sections o f the New Ham pshire 5tote H ighw ay Department 

S o il P ro file  Showing Inform ation as It Is P resented  to the 

D esign ing  a n d  C o n s tru c t in g  E n g in e e r s ■



The assistance furnished by the application  of s o il  mechanics to  highway foundation engineering has 
provided the means of closin g  an important gap in  the soience of highway construction. The maintenance 
design and construction of modern highways in an in te llig e n t  manner demands a thorough knowledge of 
natural subsoils and th e ir  p ra ctica l application  to  highway problems.
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Ho. L-5 SOIL PROFILE FIELD METHODS IN NEW HAMPSHIRE
John 0. Morton, S o ils  Engineer, New Hampshire State Highway Department, Concord, N.H.

Upon completion of the engineer's survey, the s o il  p ro file  is  made. Occasionally a prelim inary s o il  
p ro file  precedes the engineer's survey. This is  to in vestigate  swamp and ledge areas or conditions that 
have a d ireot bearing on the proposed alignment.

The follow ing equipment is  used fo r  s o il  p ro file  surveys: 1 . S o il auger 32* l°ng with extensions to 
permit soundings up to 5° ' in  depth (F ig. l ) .  2 . P icks. 3» Shovels. Ij.. Light bars. 5» Two pipe 
wrenohes. 6. R oll of 20 inoh oross-seotion paper, ten d ivision s to  the inch. 7» Drawing board. 8» One 
100 foot m etallio  tape. 9» °ne hand le v e l .  10. Sample bags. 1 1 . Sample cans. 12. Notebooks. 13.  Keel, 
l!;. Camera and film s. Figure 2 provides a p ictu re  of New Hampshire f ie ld  equipment.

Location and depth of t e s t  p its  and borings depend upon s o il  conditions encountered and layout pre­
sented by the survey. When the new center lin e  is  on the old road surface, soundings are taken on the 
100 foo t stations and are located on the side that shows the deepest cut or th in est f i l l .  Examination 
of the old road surface indicates weak points in  the subgrade th at require a more carefu l in vestig a tio n .
On new looations, borings are made every 50 f e e t .  Changes in  s o il  types require borings a t shorter in te r­
vals to locate tra n s itio n  points. Extreme un-uniform oonditions require borings on the survey cross- 
section lin e . Whan p ossib le, borings are made to a depth of Aj* below proposed fin ish ed  grade or the 
average depth of fr o s t  penetration. Soundings must show the to ta l  depth of swamp areas. From borings 
i t  is  d i f f io u lt  to  d iffe re n tia te  between boulders and so lid  ledge when these formations are encountered
3 fe e t  or more below the ground surfaoe. Reconnaisance of adjacent exposed outs and general terrane, 
together w ith the use of large te s t  p it s ,  form the basis of r e lia b le  information on suoh form ations.

Soils are c la s s if ie d  by fe e l  and v isu a l inspection . Suooess in  s o i l  p ro file  work depends on the 
a b i l i t y  to recognize and c la s s ify  s o ils  during f ie ld  operations. A man trained in  s o i l  o la s s ifio a tio n  
w i l l  re a d ily  recognize most s o i l  types to  the extent that permits group o la s s if io a tio n . Occasional 
s o ils ,  ca lled  border lin e  m aterials, require laboratory testin g  fo r  aoouraoy. To aid o la s s if  ioatio n , 
f ie ld  te s ts  may be developed. The degree of p la s t io ity  determined by v isu a l inspection aide f ie ld  
c la s s if ic a tio n . Plaoing a s o il  sample in  suspension in  a small b o ttle  of water has proven h elpfu l fo r  
f ie ld  c la s s if ic a t io n . This allows a rough oheck to  be made on the time required fo r  settlement of the 
fin e  grained p artio las and permits v isu a l inspection of the separated s o il  la y ers. S o ils  high in  
natural water oontent can be placed on small boards and allowed to  dry, being cheoked a t a time when 
th e ir  condition permits a b etter inspection. Feel of the auger when boring and observation of ground 
formations, with the type and growth of vegetation , w i l l  indicate variation s in  s o il  conditions.

For average conditions, a man trained in  s o i l  c la s s if ic a t io n  with the assistance of two laborers, 
oan map one-half a mile of road per day. Over sections of rough terrane that require the use of large 
te s t  p its , an increase in  the number of laborers helps maintain the speed of operations. Generally, 
two laborers oan operate a t a speed that equals the a b i l i t y  of the engineer to map and record the 
information.

FIG. 1. SOIL AUGER AND EXTENSION

Fig. 2

Soil Survey Equipment


