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I. INTRODUCTION

Over the years, the California Department of Transportation
has replaced miles of steel guardrail with the more
efficient Type 50 concrete barrier and the excess guardrail
material stockpiled for future use. TransLab in Sacramento
was enlisted to find a use for the salvaged guardrail.
Concurrently, the Geotechnical Section at TransLab, under
the direction of Messrs. Forsyth, Hannon and Chang, was
investigating the use of different types of earthwork
reinforcement(i,é). The combinatioq of excess guardrail
material and need for creative reinforcement systems Ted
Caltrans engineers to develop a tied back retaining wall
using the recycled guardrail materials. The system was
hypothesized asia combination tieback and earthwork rein-
forcement retaining wall. Instrumentation would be
incorporated into the backfill of a prototype wall to test
this hypothesis. A three year federally financed research
project began in 1981 to study the mechanics of the tied
back crib wall., The objective of the study was to deter-
mine whether tied back crib walls of recycled materials
would he feasible for use on state highway systems. This
would be accomplished as follows:

1. Determine the actual field stresses developed in the
anchor ties and relate them to theoretical design stresses.

2. Measure vertical and lateral movements occurring at
the face of wall.

3. Make désign modifications which improve performance
and maximize future use of salvaged materials.



Several sites wére suggested for the construction of the
first prototype wall., The selected site was part of a
reconstruction and widening project on Highway 101 in
Thousand Oaks, California (Contract No. 07-100544). The
contract plans called for a 200-foot long wall varying in
height between 8 and 15 feet. Alternate Type "B" steel
face with salvaged "W" type guardrail was selected for use
as facing material.

The project was advertised on December 29, 1980. Bids were
opened on February 26, 1981,




IT1. CONCLUSIONS

Upon the complietion of three years of monitoring, the
following conclusions were reached:

1. The standard plans for crib walls can serve as an
adequate guideline for the design of retaining walls
constructed from recycled materials. Connections and mate-
rials used in the construction of said walls must conform

to the standard plans in the areas of steel grade and yield
strength.

2. Stresses measured in the experimental tied back crib
wall correiated with the stresses one might expect for a
gravity retaining wall. The tied back system transmitted
the forces'equa11y along the reinforcing element which
acted more as a tieback connector than as earthwork
reinforcement.

3. The computed pullout resistance contributed by the
sign posts alone is adequate (minimum safety factor of 2.1)
to resist lateral earth stresses for the backfill used at
this particular site.

4. The use of salvaged guardrail materials for retaining
wall construction is limited by the severity of damage to
the guardrail.

5. The experimental crib wall constructed of salvaged
guardrail materials would be most economical for small
retaining walls constructed by district maintenance
personnel. The cost for an 8-15 foot wall can be as low as
$20 per square foot if sufficient salvaged materials are
available.



6. Recycled materials can be used on the highway system
if their engineering properties are properly considered and
thorough calculations accompany creative design.




ITI. RECOMMENDATIONS'

This report, along with the Standard Plans, can be used as
a design guideline for the construction of retaining walls
fabricated from recycled materials. Engineering techniques
used to determine stresses in conventional retaining wall
systems can be applied to salvaged material. Efforts
should be made to utilize salvaged guardrail on retaining
walls throughout California. Due to the limited amount of
guardrail that is usable, up-to-date inventories should be
maintained. When a contract requires a small structure or
maintenance needs to make minor repairs, the inventory
should be checked and guardrail used if feasible.

A new connection should be designed to allow the use of
straightened guardrail that no longer conforms to new
‘guardrail dimension specifications.

Additional research is needed to determine the minimum
requirements for backfill materials. With competent mate-
rials, walls can be designed as an earthwork reinforcement
system, If the materials are beiow minimum values, the
tied back crib wall concept is necessary.






IV. IMPLEMENTATION

1. Whenever possible, salvaged guardrail materials should
be used by districts that have a sufficient inventory of
recycled material.

2, A new connection will be designed allowing use of
straightened guardrail that no longer conforms to new
guardrail dimension specifications.

3. The TransLab, in cooperation with other departments,
will recommend the use of guardrail materials until the
present supply is depleted.






V. DISCUSSION

A. Design
1. Overview

The dimensions for the prototype tied back crib wall were
taken from the Standard Plans for steel crib walls(3).
Because the wall height exceeded 12 feet, the bottom tie-
backs were extended an additional 2 feet (Figure 2). The
wall is 200 feet long and varies in height from 8 to 15
feet. Alignment of the face is controlled by 5/8 inch
diameter steel rods embedded in a reinforced concrete foot-
ing on 3.35 foot centers and extending vertically upward.
The facing is attached by means of a connecting plate
slipped over the vertical rods and bolted to the faéing.
Tie rods consisting of steel sign posts extend into the
backfill from the vertical alignment rods. The tie rods
are connected to channel sections of rubbing rail from "W"
type guardrail installations that serve as anchor beams.
(Photos accompany detailed construction descriptions in
Section B.)

The upper 10 feet of the wall has 8-foot long tiébacks.
Where the wall height exceeds 10 feet, the lower portion of
the wall has 12-foot long tiebacks. The tiebacks are
placed on 13 5/8-inch vertical intervals. All embedment
dimensions were taken from the standard plans for crib
walls.

The entire wall system with tiebacks was galvanized to
"extend its service life. '



#

" . 2. Désigh Parametérs

The safety factor for sliding along the base was 1.5. The
safety factor for overturning was 2.0. In accordance with
the Standard Plians, the required foundation bearing capaci-
ty was to be a minimum of 1.5 tons per square foot. A sub-
surface drainage system was provided to capture and drain
excess water. ﬁ]ass 2 permeable material was included on
the backslopé. Steel connections were made with ASTM A307
bolts, nuts and washers. Horizontal steel ties were
required to be continuous heavy duty sign posts weighing
2.25 1bs per linear foot. Connector plates conformed to
ASTM Designatioﬁ A36 and were galvanized. A copy of the
special provisions for the tied back crib wall is included
in the Appendix:

3. Soil Tests -

Laboratory §oi1 tests were conducted on foundation and
‘backfill soil samplés obtained from the wall site. These
tests included gradation, relative compaction, Atterberg
limits, shear sﬁrength determination and sand equivalent.
Resistivity and pH values of the soil samples were also
determined to éStimate the corrosion rate of the steel
reinforcements.l A summary of laboratory test results for
the soil samplies is showh in Table 1. The backfill mate-
rial, with an internal angle of friction of 30° and a
cohesion of 440 psf was quite competent, thus contributing
to the success of the wall.:



B. Construction
1. Foundation Preparation

The existing ground was first excavated and rough graded to
the design level foundation grade. The slope was cut to
3/4:1 behind the wall fill area.

A 12 inch by 12 inch footing trench was then excavated,
formed, and fitted with the required reinforcing. For ease
of construction, vertical rods welded to metal plates were
placed at the bottom of the footing trench. The guardrail
would be slipped over the rods during construction. Con-

“crete was then placed for the footing and allowed to cure.

2. Shop Wall Preparation

Part of the wall items were shop assembled prior to being
transported to the wall site. This consisted of bolting
the U-shaped mounting bracket to the "W" type guardrail.
The remaining parts of the wall system — anchor beam, four
street sign posts and four connection plates — were tempo-
rarily cradled in the guardrail and trucked to the wall
site on a flatbed truck equipped with a boom for unloading.

3. Wall Face and Tieback Assembly

At the wall site, the cradled units were unloaded at the
approximate installation location (Photo 1). A crew of
four unloaded the tieback components from the gquardrail and
began assembly by bolting the sign post to the prenotched .
salvaged rubbing rail which served as the anchor beam
(Photos 2 and 3). After the connection plates had been
slipped onto the vertical rods, the four workers lifted the
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guardrail and mounting bracket unit and siipped the mount-
ing brackets onto the vertical rods (Photo 4). The
tieback, sign post, and anchor beam assembly was then
dragged to the guardrail wall facing and bolted to the
connection plate (Photo 5). The tieback portion was
roughly leveled leaving it ready for burial with backfill
material. The dbove process generated 12.5 feet by 1 foot
area of wall facing and required approximately 15 minutes
time. - '

4. Fill Compaction

‘A tractor with an open front end bucket placed, spread, and
compacted the i1l material behind the wall (Photo 6) and
followed within two guardrai] lengths of the erecting crew.
At first, water was added to the newly placed backfill
material by a fire hose connected to a water truck but
later was added to the stockpiled material to produce a
more uniform moisture content.

Hardware cloth was placed over the horizontal space between
the panels just prior to hand compaction of the two feet
nearest the inside wall face (Photo 7).

The permeable blanket at the back side of the fill was
dumped over the existing slope edge simultaneously with
fi11 construction (Photo 8). The wall was 14 panels high
at the makimum height and 8 panels high at the minimum
height. Average daily wall facing eréction progress was
two guardrail rows per day. Total erection time for all
wall facing and backfill was 10 workihg days.

10



C. Instrumentation

Survey points were set on the wall at three different ele-
vations. To monitor wall movements, strain gages were
attached to the soil reinforcement posts at five different
levels, A through E. A unique tracking rail for the
instrumented strain gage plate was designed to monitor
stresses within the steel posts (Photos 9 and 10).

Since only low strains in the steel sign posts were antici-
pated, a section of a sign post was removed and replaced
with a smaller cross-section instrumented steel strap
(Figure 1). A rigid metal guide assembly kept the sign
post ends in their original position relative to each
other. The location and identification of each strain gage
is shown in Figures 2 and 3. Strain gage readings were
taken periodically both during and after construction. The
time history of stresses in the instrumented sign posts is
shown in Figures 4 through 8. All strain gages indicated
an increase in stresses with an increase in fill height
from installation until completion of the backfill except
for gage No. 11, which malfunctioned after installation.
The stresses for all gages then appeared to stabilize until
the placement of the road structural section. Subsequent-
1y, all gages generally indicated a slight increase in
stresses. The time history of stresses two feet from the
face of the wall for each level is shown in Figure 9, The

- variation of stresses with depth behind the wall is shown
in Figure 10.

Reference monuments on the berm and reference points along
the top and on the face of the wall were installed to

measure horizontal and vertical movement (Photos 11 through
13).

11
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The reference mﬁhuments on the berm indicated a vertical
"movement from 0.01 to 0.02 foot except for monument (CW-2)
which indicated settlement of 0.29 foot. These survey
points also indicated horizontal movement in the magnitude
of 0.01 foot or less with the exception of the one
monument, CW-2, which displayed a maximum movement of 0.05
foot. The reference points on the face of the wall
indicated settlements of 0.01 to 0.05 foot and horizontal
movements of 0.02 to 0.07 foot. The reference points along
the top of the wall indicated 0.01 to 0.05 foot settlements
with 0.01 to 0.02 foot horizontal movement.

D. ° Problems:

Original plans called for use of salvaged rubbing rail and
reshaped "W" type guardrail. Reshaping of the guardrail
did not return all of the guardrails close enough to their
original shape, therefore only 50% of the salvaged panels
were utilized. New guardrail was used for the remainder of
the job at a considerable additional cost.

During construction, what appeared to be an underground
spring was uncovered at the wall site. A gravel filled
trench was placed at the spring location for drainage to

a pond between éhe wall and a nearby golf course. The rate
.of water flow remained constant until the end of
construction.

The reference mdnument (CW-2) that indicated a settlement
of 0.29 foot at the berm did not exhibit the same amount of
settlement at the top of the wall. The wall, because of
its articulated ‘nature, distributed the berm settlement
betweeﬁ the guardrail elements along the face so that the
max imum sett]emént realized at the top of the wall was 0.05

12



foot. Monument CW-2 was located near the underground
spring and this was the cause of excessive settlement in
the area. The integrity of the wall did not suffer due to,
excessive settlement in this area.

E. Analysis

The guardrail wall is actually a hybrid system drawing on
elements of tieback walls and earthwork reinforcement
systems to achieve structural integrity. A review of the
data collected at the site (Figures 4-8) reveals that
stresses increase in the bars as the wall fill is advanced.
As of October 1981, the stresses leveled off. When traffic
began, there was a minor increase in bar stress. The time
history of steel stresses two feet from the inside face of
the wall also exhibits the increased bar stresses that
eventually become constant as time proceeds (Figure 9).

The bar stresses are evenly distributed along the tie rods
on each level except Level B (Figure 10). Thé bars at
Level B were the first to extend an extra two feet into the
back slope. From the data collected, one can analyze the
wall for external and internal stability.

1. Internal Stability

In order to understand the internal mechanism, the bar
stresses were analyzed to see if either system mechanism --
tieback or earthwork reinforcement -- dominated. Based on
this analysis, it became apparent that the wall was
functioning as a tieback with the forces transmitted
undiminished along the tie rod. Calculations utilizing the
tieback analysis compare well with measured results. The
steel sign posts connected to the anchor beam provide ade-
quate internal stability.

13



2.  External Stability

In most cases, bar stresses compare closely to those
predicted by the Rankine active state(4). The stresses in
the bottom of the wall are high and correlate with the
greatest overburden. If the wall is analyzed as a retained
earth system, stresses expected at the back of the wall
‘correlate well with those measured. Therefore, for exter-
nal stability, it is justifiable to use a block analysis to
design this type of wall system. The entire unit can be
considered a graVity wall, There is only one apparent
discrepancy to this theory and this 1is at level A. Level A
is in the zone where the passive wedge at the front of the
wall exists (Figure 2). The expected decrease in siress
does correlate to a block system that might have a passive
" wedge to resist .active soil pressure. Therefore, the
gravity block concept is consistent with experimentally
determined results.

i

F. Cost Estimate

The estimated cost for materials on this project can be
found in the Appendix. Change orders and limited avail-
abitity of materials could increase the wall cost.

Final contract bid price including change orders was $54
per square foot of facing area. This price does not
reflect actual cost for the wall due to unbalanced bidding
and other contractual discrepancies. Change orders on the
job amounted to 7% of the original bid price. The greatest
change order was for the purchase of new materials because
the available supply of guardrail was not sufficient to
meet the needs at the job. However, state estimated costs
using all recycled materials and inc]udiﬁg excavation and

14



'backfiH is $20 per square foot of'facing area, Fi'nal cost
will vary depending on location, but the itemized 1ist in
Appendix C serves as a guide for engineering estimates.
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TABLE 1

LABORATORY SOIL TEST RESULTS

1.D FOUNDATION IMPORTED
T MATERIAL BACKFILL
Friction o
Angle, of °) 31 39
Cohesion (psf) 0 440
Max. Wet Density
(pcf) 110 119
Resistivity
(ohm-cm) 920 5733
ph 7.8 v 8.3
Sand
Equivalent 25 34
Plasticity Index “7. NP

No Ground Water

Encountered to Elevation 680.

~ Grading Percent Passing by Weight
2" 100 100

15" 97 99

1" 92 98

3/4 - 89 97

1" 83 96

3/8" 78 95

# 4 66 88
# 8 57 79
 # 16 48 66
. # 30 40 48
# 50 32 31
#100 24 18
#200 20 12
5 M 7 4

1M 3

17
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Photo 1. Guardrail and Tieback Packages Laying in Proximity of
Installation Location

Photo 2. Laborers Attaching Tiebacks to Salvaged Channel Anchor

28




Photo 3. Sign Post Tieback Attached to Rubbing Rail Anchor

Photo 4. Laborers Placing Guardrail Rail and Mounting Bracket
Assembly in Position on Vertical Rods

29



Photo 5. Assembled Guardrail Wall Facing, Sign Post Tieback, and
Salvaged Rubbing Rail Anchor Ready for Burial with Backfill

Material

Photo 6. Tractor with Front End Dump Bucket Placing Backfill Material

30




Photo 7. Hardwaré Cloth in Position Over Horizontal Space Between
Guardrails.

Photo 8. Permeaﬁ]e B]anket‘Materia1 Being Dumped Over Existing
Back Slope Into Position
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5/8" diameter
steel l;ﬁggs o

Red and white targef .

. ﬂ“““‘

Photos 12 and 1.3. Position of Reference Points on Wall
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1984

Photos 14 and 15. Experimental Tied Back Crib Wall With Salvaged
: Guardrail Facing
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10-1.33 TIED=BACK STEEL CRIB WALL.--The tiead-back ateel crib
wall conaists of steel facing members, horizontal steel ties, and
anchor beams with backfill bahind the face members. The
horizontal steel ties connect to the facing members with a
mounting bracket and connaction plate by vertical steel rods and
bolts, nuts and lock washers and connect to the anchor beam with
bolts, nuts and lock washers aa shown in detail on the plans and
as specified in thase special provisions.

1
STEEL FACING MEMBERS.=-=-S5teel facing members consist of State-
furnished “w“ type guard raill as shown in detail on the plans.

HORIZONTAL STEEL TIES.--Horizontal steel ties shall conform to
the shape and minimum unit weight as shown on the plans.
Horizontal étesl ties shall be hot-rolled high carbon steel and
shall conform to tha specifications of ASTM Designation: A 499
and shall ke galvanizad.

VERTICAL STEEL RODS.-- The vertical steal rod shall conform to
the specifications o2 ASTM Dasignation: A 36. All steel
vertical rods ehall ba galvanized. Each vertical steel rod shall
have & minimum length of 5 feet and shall be connected with .
thresaded couplings to conform to the raquired total length.

MOUNTING BRACKETS, CONNECTION PLATES AND BASE PLATES.--All
mounting bracketg, connaection plates and base plates shall be
steael plataes conforming to the details shown on the plans.. The
steel platas schall conform to the specifications of ASTM
Designation: A 36 and shall be galvanizad., Mounting brackets

gshall be héht in accordance with the provisions in Section
55-3.07, "Bent Plates," of the Standard Specifications.

_ANCHOR BEAM.--Anchor beams consisting of salvaged rub rail
(c6xa.2 chagnel) will be furnished by the State.

BOLTS, NUTS AND WASHERS.--All bolte and nuts shall conform to
the specifications of ASTM Deaignation: A 307 unleas otherwise
specified in the special provisions or shown on the plans. All
bolts, nuts;, and washers ahall be galvanized. All bolts shall be
tightened as directed by the Engineer.

WELDING.--All welding shall conform to the provisions in
Section 56~1.04, "Welding," of the Standard Spacifications.

GALVANIZiSG.-—All galvanizing shall conform to the provisiona
in Section 75-1.05, "Galvanizing," of the'Standard
Specifications.

BAR REINFORCEMENT.--Reinforcing bars shall conform ko the
specifications of ASTM Designation: A 615, Grade 40 and be
,Placed in accordance with the size and apacing shown on the
plansa. :

1 : _ !

CONCRETE: FOOTING.--The concrete footing shall conform to the
provisions in Section 51, "Concreta Structures," and Section
90-10, "Minor Concrete," of the Standard Spaecifications and shall
contain not less than 564 pounds of cement per cubic yard.
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EARTHWORK . ==Earthwork shall consist of structure aexcavation
and structure backfill conforming to the provisions in Section
19-3, "Structure Excavation and Backfill," of the Sstandard
Specifications.

The structure backfill material for the tied-back stesl crib
wall shall consist of selected material and shall be free from
stones or lumps exceeding one inch in greatast dimenaion, organic
material, or other unsuitable material, aa determined by the
Engineer. In addition, backfill material shall be non-plastic as
detarmined by California Test 204.

structure backfill material shall be placed and compactad
simultanecusly with the erection of the facing membaers.

Placement and compaction of the structure backfill matarial shall
be accomplished without distortion of the facing members, the
horizontal tie rods, or horizontal steel ties, and the anchor

" beams.

Structure backfill material shall be placed in layers of
uniform thickness and shall be compacted to a relative compaction
of not leams than 90 percent, as detsrmined by California Test
216. The loosa thickness of each layer of backfill shall not
axcead 0.67-foot hefore compaction. :

Sheepfoot or grid type rollers shall not be used for :
compacting structure backfill material within the limits of the
tied-back asteel crib wall. Hand-held or hand-guided conpacting
equipment shall be used within 2 feet of the facing members. All
horizontal <tie rods or horizontal steesl tiea and anchor beams
shall be placed on roughly lavelaed compacted material as dirscted
by the Enginear and shall have gsoll covering not less than &
inches prior to compaction of the next 1ift of astructure
backfill. :

The top 2 feat of the structure backfill material between the
face of the wall and the excavated slope shall be compacted
impervicus material as datermined by the Engineer.

PERMEABLE BLANKET.--The parmaabla blanket shall be placed
against the cut slope as shown on tha plana. The parmsable
material .for the blanket shall conform to the provisions for
Class 2 permeabla material in Section 68-1, “Underdrains,"” of the
standard Specifications. :

MEASUREMENT AND PAYMENT.--The tied-back steel crib wall wi
be measured and paid for by the sguare foot at the outarlfazzlif
the wall for the full wall height from the top of the footing to
the top of the top facing membars and for the full wall length
from the beginning to the end of wall as shown in the plans.

The contract price paid per square foot for tied-back steel
criv wall (Type B facing) shall include full compensation for
furnishing all labor, materials {except State-furnished stesl
facing members and anchor beams), tools, equipment and
incidentals and for doing all-the work involved in constructing
the tied-back stasl crib wall, including excavation and backfill
permeable material and research investigations, as shown on the ’
Plans, as specified in the Standard Specifications and these
special provisione and as directed by the Engineer.
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COST ESTIMATE FOR TIED BACK STEEL CRIB WALL WITH TYPE B FACING

ROAD 07-VEN-101-4.1/9.0

Unit Total
No. Item Description Unit Quantity Cost § Cost §
1 Type B Steel Facing Saivaged W-Type Guard Rail Ea 164 10 1,640
2 Mounting Brackets For Type B Steel Facing Ea 807 4,877
3 Vertical Rods %“ $ Steel Rod Ft 777 218
4 Face Connection PL For ii‘“ype B Facing, Ses Detail Ea 716 2,528
§ Bolts & Nuts A 307, § b x 3¢ Ea 4952 503
§ Bolts & Nuts A 307, § b x 3" Set 151 58
7 Sign Posts &' Long, Heavy Duty Ws2.25 1bs/ft Ea 572 4.76 2,723
8 Sign Posts 12" Long, Heavy Duty We2.25 1bs/ft Ea 144 7.1 1,028
9 Anchor Beam Salvaged Rub Rail C 5&8.2::‘[2.5 Channel Ea 179 10 1,790
10 Coupling For %" b Vertical Rod £a 100 56
11 Hardware Cloth" 3 Mesh, Ga 19, 6" wide x 3' long Ea 596 272
iz Footing base #ia;e: - %“ x-6" x &" ta 60 250
13 Ae-par . 41; 2' Long Pond 3 160
14 Re-bar ¥ ﬁ‘%tirrup. See Detail Pond 330 165
15 Concrete Footing 1' x 1' Contfnuous c.Y. 8 250 2,000
16 Roadway Excavation C.Y. 1200 6.00 7,200
17 Embankment Backf111. c.Y. 2000 6.00 12,000
18 8" Dbrain Pipe LF 280 10.00 2,900
19 Permeable Material Class 2 c.v. 208 27.00 5,535
Total Wall Face Area‘- 2493 sq. ft. Total $46,000

548000 . s18.50/sq. ft.
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