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STATIC LOAD DEFLECTION TESTS ON VARIOUS
TYPES OF DEEP BEAM GUARD RAILS

At the request of the Construction Division, static load deflection fests and tensile
tests were to be made on samples of deep beam type guard rails and rail joints submitted
by the Tuthill Spring Co. Subsequently, this study was expanded to include samples of
deep beam guard rails from Armco D. & M Products Inc. and the Bethlehem Steel Co.
In the case of the latter two manufacturers, rail joints for tensile tests were not furnished.
The results of the tensile test performéd on the Tuthill rail joint appear herein, but for the
most part this study was concerned with the determination and evaluation of static load

deflection characteristics of the various types of deep beam guard rails.

SPECIMENS:
Samples of deep beam guard rails which were submitted for load deflection tests

appear below:

Manufacturer Quantity Thickness (Gage)
Tuthill Spring 1 : ' 10
Co. '

Armeo D, & M. 2 12
Producis

Armco D. & M. 2 10
Products '

Bethlehem 1 ' 12
8teel Co,

Bethlehem ‘ 1 10
Steel Co.

Cross sections of each of the three manufacturers' types of guard rails are depicted

in Figure 1.
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TESE PROCEDURE:

Three of the specimens, an Armco 10 gage, and Armco 12 gage, and a Bethlehem
10 gage were loaded traffic face down. The other four specimens were ldaded traific
face up. Each of the seven test specimens was simply supported on inverted angle sec-
tions, with a span length center to center of supports of 12' - 0", The load was applied at
the center of the span through straight wooden bearing biocks, No attempt was made to
provide complete lateral contact between the bearing-hlock and the specimen under test.
However, as much of each specimen was loaded laterally as was possible.

A one-thousandths inch dial and a scale divided in 1/32 inch increments were placerd
on each side of the specimen at the center of the span.

"Two SR-4 type strain gages were mounted on the surface of each specimen at a point
four feet from one end support. The testing set up for each type of guard rail is shown
in Figure 2. |

Each specimen was then loaded in increments of 200 pounds, returning to zero
- load after each successive increment, that is, 0-200 poimds, 0~400 pounds, 0-600 pounds,
 ete. until failure occurred.

The cenfer deflection and permanent set were obfa,ined using the average of the two
dial readings, and the two scale readings,' for each increment of load. Strains were re-
corded for each increment of load, and by assuming a modulus of elasticity of 29 x 108
psi, and usihg elastic beam theeory, values of moment of inertia, and section modulus for
each specimen were determined. The dimensions and physical properties, as obtained

experimentally and analytically, of each of the test specimeng are shown in Table 1.



A FIGURE 2A. TEST SET UP SHOWING BETHLEHEM A FIGURE 2B. TEST SET UP SHOWING BETH -

DEEP BEAM GUARD RAIL LOADED TRAFFIC - FACE UP.

LEHEM DEEP BEAM GUARD RAIL LOADED TRAFFIC-
FACE DOWN .

FIGURE 2D. TEST SET UP SHOWING
ARMCO DEEP BEAM GUARD RAIL
LOADED TRAFFIC-FACE DOWN

FIGURE 2E. TEST SET SHOW
ING TUTHILL DEEP BEAM GUARD
RAIL LOADED TRAFFIC-FACE UP.

M FIGURE 2C. TEST SET UP SHOWING ARMCO
DEEP BEAD GUARD RAIL LOADED TRAFFIC-FACE UP.




TABLE 2

LOAD BEFLECTION AND PERMANENT BE'T OF GUARD RAIL
(TRAFFIC FACE DOWN)

TABLE ¢

DIMENSIGNS AND PINYSICAL IROPERTIES

MANUFACTUREH Thicknesa § Length | Wi per | Migra. Enperimenta} Anzlylleal ‘Teat Poaition
{Quge} (FL.} Linear Section Seetlon, Moment | Scetion | Moment
¥l Modulus Modulus of Modulus of
Cu In. Cu. In. Tnerlla cu. In. | lnertia
Tuthitl 3pring Co. 10 i 1.2 ERCY L 1.90 L43 EA ) Tro!
Atmeo 0 & M Products 12 13.5 .17 L7 .40 2.217 L4l .20 TEU
Armea D & 3§ Prodecis 10 1.5 9.07 164 A7 z.H L72 2.18 TFU
Bethichzm Siwel Co, 12 12.5 &7 + 3. 05 5,80 116 2,28 TF!
Armeo D & M Praducts » 1.6 .17 137 1. 82 7 L4 2,29 v
Armeo D& M Products 1 1.5 5,07 1.64 1.62 2.1 L72 TFD
Bethlehem Sieel Co. 19 12.5 £.17 3 1.00 2,40 L7 3.64 TFD
* Unavailabic
1
TFU ‘rafiie Face Up
2rro Traftke Face Down
TABLE 4
MAXIMUM LOAD OF GUARD HATL
MANUFACTURER THICKNESS {GAGE) TESTED BMAXIMUM LDAD
Tuthiil Spring Co. 10 Trlfic face up 28604
Armen D, & M. Lroducis 12 ‘trallic lace wp a2608
Armio U, & M. Uroducts 10 Traific luce up 4s0ar
Buthlchem Steet Co, 1 Trailie fuce up Pl
Armee b, & M. I'raducts 12 Tralfic face down 27200
Actnee U, & M. Producls 15 Trafiie face down 37600
Bethlvhem S1edl Co. n Trallle face down 24460
TABLE 5

RELATIVE MAXIMUM LOAD CAPACITY OF GUARD RAIL

MANUFACTURER
Tuthill Yring Co.
Armco D, & M, Products
Armeoe Iy & M. Producls

Buthlchem Blcel Co.

FIICKNESS (GAGE)

[0

BTIFFHESS

MAN, LOAD CAPACITY

Lo

LOAD ANMCD 0]
“"""““Tf‘;f'{.&eﬁ_”“‘“ efl, - 801 m%lmgez
{iB) (in.) (In,) (tn.) {in.) (in, ) (I, )
2 [ ] [ o
200 0.18 ] o.18 o 0.20 ]
400 .38 o .52 ] e.34 L]
[ .56 [ 0.7 ] 0.50 0.03
800 0.72 [ 9.59 [ 047 0. 06
1608 [N ] 0.77 L] 0,05 0, 10
1200 L o 0.9t ] Lz a6
1180 %] o, 01 .63 [ 150 0.22
1680 L.&0 0.02 L.21 [ L5y 0.32
1800 172 04 1.36 [] 1,82 Q.48
2000 194 0.06 1.52 9,91 2.18 9,63
2200 218 0.2 m .03 2.53 0.51
2409 1 o t90 0.8 n L1z
2600 2,06 9.47 209 [R:] 4.16%  2.40%
2809 4840 L1 2,28 0.13 *For max, Load of 24404
+Far max, load of 27204
3000 .48 017
3209 2.67 0,21
3190 2,90 0.34
3500 2.43 0.55
800 4,20 1,00+
*For max. load of S04
TABLE 3
LOAD DEFLECTION AND PERMANENT S8ET OF GUARD RAIL
{TRAFFIC FACE UP}
LOAD TUTHILL ARMCO ARMCO BETHLEHEM
(10 gaze) {12 gage} {19 gage) {12 gazt)
Delt, 8ot Dofl.___Set Dol giet Tl e
[iZ] {in. } [{LH] [ {ln.) {in.} {in.} (%] {In.}
¢ ¢ [ ] o [] ] ] o
260 0.30 L] 0,22 ] 0.1 o 9.23 L]
e 0.47 [] 041 ° 9.37 [ 0.47 [
600 0.72 8 0.59 4 9.51 [ LX) [
500 1,61 ] 0.7% [ 0,05 ] 0.87 o
1000 1.28 ] 0.95 ] 085 a L 0,02
1200 117 0,01 L2 0.8 o 1.38 0.05
1400 L.67 e.0i 129 ] L 9 1.52 .00
1606 2.03 6.10 150 0.01 Lo .01 1.80 016
1800 2.40 0.20 189 0,02 L4t 0.0 2,00 0.25
2000 L6 0,45 1,86 0,04 1,68 0.04 2.2 0,41
2200 3.39%  0.84* 2.15 0.09 LT 0.00 2.80 0,81
2100 *For man 10id 2.30 012 1.90 0.08 3000 L27*
of 20604
2600 2,56 0.9 2,08 0.19 #Far max. load
of 2z30¥
2400 238 0.30 €% L]
oy 320 o 1,1 a1
3200 3,46 0.93 2,50 0.21
2100 458 L4 2,71 0.27
gt *For max. load 2.8 a,32
o 32608
3809 5 2.9 X
4080 399 .56
4200 2.55 0.70
400 se Log ’
1500 1.39 140




RESULTS:
| Pictures of some of the specimens after failure are shown in Figure 3. These
pletures show the permanent set and buckled condition of the compression flange of
those specimens loaded traffic face down.
~ All of the load deflection and permanent set data for each of the specimens loaded
traffic face up and traffic face down have been prepared in graphical and tabular form
in Figures 4A, 4B, and Tables 2 and 3.
"The maximum load attained by each of the seven specimens is shown in Table 4.
For those specimens loaded traffic. face up, Table 5 shows the relative sﬁﬁness and
relative maximum load papacity of each. In this table the stiffness and load capacity of
the Tuthill specimen is taken as unity.
The effect of having the outstanding flange of the specimens in compression reduces
their maximum load carrying capacity. In the case of the Armco 10 gage and the Armco
12 gage, this reduction amounted to 16. 5 percénh

Tengile Test of Tuthill Bolted Joint Connection

This joint attained a maximum load of 81, 500 pounds with some yielding of the
connection occurring at loads of 12,200 and 17,700 pounds. The permanent separation
of the joint was 1,28 inches after the ultimate load was applied.

DISCUSSION OF RESULTS:

Present Michigan State Highway Department specifications concerning deep beam
type guard rails would allow the use of the Tuthill Spring Co. product. The Bethlehem
Steel Co. product has a cross section that is not eoveréd in these specifications. From
data submitted by Armco, their rail joint splice would not meet the ultimate tensile

strength specified. However, the specimens submitted by Bethlehem and Armco in both



<. FIGURE 3A. ARMCO DEEP BEAM GUARD RAIL,
LOADED TRAFFIC-FACE DOWN , SHOWING BUCKLED COM-
PRESSION FLANGE AT FAILURE.

. IGURE 3B. BETHLEHEM DEEP BEAM GUARD
RAIL, LOADED TRAFFIC-FACE DOWN, SHOWING BUCKLED
COMPRESSION FLANGE AT FAILURE.

A FIGURE 3C. ARMCO DEEP BEAM GUARD RAIL,
LOADED TRAFFIC-FACE UP SHOWING PERMAMENT SET

AT FAILURE

o




the 1¢ gage and the 12 gage are stiffer than the Tuthill preduet, due to the shape of
these cross sections which develop a greater moment of {nertia,

In order to ascertain the most desirable ﬂexiﬁility or stiffness of guard rail that
should be utilized, a comprehensive dynamic series of tesfing éhould be carried out.
Such things as angle of impact, the degree of continulty afforded by the rail splices, and
the stability of the posts are factors that wquld not be readily determined by analytical
means or static testing"procedures}. |

I.t' appears that the present specifications concerning deep beam type guard rails

should be revised, but a change based on this study is not warranted.
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FIGURE 4. STIFFNESS AND PERMANENT SET
OF GUARD RAIL FOR VARIQUS LOADS




