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In single-column pylons having cantilevered arms supporting highway spans, 
a large tension may be induced in the column bars from unequal live loads 
on opposite arms. The upper anchorage of such large column bars, gen
erally No. 14S and No. 18S, can be questioned because of the varying stress 
from the bending forces perpendicular to the bars, including possible ten
sile cracks parallel to the bar in the transverse beam. A specific detail 
currently being used in Texas was tested in full size and found adequate. 
Based on this test and reinforcing steel strain data collected, some con
servatism in the anchorage length provided under ultimate strength design 
seems desirable. 

•LARGE -DIAMETER BARS, No. 14S and No. 18S, are being used in bridge pylons con
sisting of a central column and cantilevered beams on opposite sides supporting the 
roadway girders, as shown in Figure 1. The column reinforcement will be subjected 
to significant tensile stresses caused by an unbalanced load on the cantilevers. Because 
the anchorage ·of the larger diameter column bars i11to the-top b-eam is complicated by 
the va1 ying stress co1 ditions , analysis is uncertain. The upper part of the anchorage. 
may be weakened by flexural cracks in the cantilever beam that could open along the 
plane of the column bars. The lower part of the anchorage is improved by perpendicular 
flexural compression from the same cantilever beams. The net effect of two such di
verse factors is uncertain. 

Figure 1. Pylon for construction in Dallas. 

A test to determine the adequacy of a 
specific anchorage length currently used 
by the Texas Highway Department is re
ported here. Pertinent details of such a 
pylon bent with No. 14S bars as the main 
column steel are shown in Fie;i1re :;). , With 
bond strength heavily involved, only a full
size model with No. 14S bars could be 
trusted. A model coulc.l be w:ied only in 
the sense that a slice 1 ft thick could be 
used for the test instead of the 6-ft thick
ness used in the field. 

TEST SPECIMEN 

A slice of the balanced cross beams and 
the upper part of the pylon was constructed 
to full size, with dummy anchor beams 
built as the lower part of the specimen (Fig. 
3). The cantilever beams were constructed 
without a sloping top and modified as to 
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Figure 2. Details of pylon (prototype). 

length to permit a single concentrated load to give essentially the proper ratio between 
moments and shears at the joint. The details of the test specimen are shown in Figure 3b. 

The entire specimen (21 cu yd) was cast in the horizontal position, raised to allow 
insertion of bearing rollers, and tested while still in the same horizontal position. Ver
tical loads were applied by jacldng the cross beams and anchor beams toward each other 
by means of hydraulic rams reacting against strap-type loading frames. 

The test specimen, shown before concreting in Figure 4, departed in several minor 
details from being an exact model of the actual pylon beam, but differences were away 
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Figure 3. The test specimen with outline showing location of (a) critical bars and 
(b) detailed reinforcement. 
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Figure 4. Most of reinforcement 
of test specimen in place. 

Figure 5. Location of strain gages on No. 14S bars. 

Figure 6. Lifting of the specimen and placing on 
rollers. 
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Figure 7. Overall view of the test. 

Figure 8. Cracking pattern at the junction of the 
pylon and crossbeam. 

Figure 9. Final failure in secondary compression 
after yielding of steel in tension. 
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from the critical column and joint. The test was deliberately changed from the proto
type by using A432 steel for the No. 14S bars -in column and beam (yield strength at 
0.005 strain of 62. 7 ksi) instead of intermed.iate-grade steel as designed. The beam 
web steel was strengthened to match. 

Electrical resistance strain gages were attached to each No. 14S bar on the tension 
side of the column, 11 on each outer bar and 7 on each inner bar, as shown in Figure 5. 
These gages were distributed over the entire anchorage length of the bars and about a 
foot into the top of the column below the transverse cantilever beams . Concrete made 
with Type III cement was placed from a transit mixer and the specimen was cast in two 
parts, with a construction joint just below the transverse beams to simulate construc
tion in the field. 

TEST PROCEDURE 

After curing for 5 days, the test specimen was lifted from the floor by u~ing as a 
strongback a pair of steel chaimels attached to bolts through the specimen. Lifting was 
carried just far enough to permit the placement of 7-in. rollers made from conc1·ete
filled steel pipe (Fig. 6). One of the loading cantilevers was cracked by an accidental 
torque loading during lifting (shown by the cracks specially marked in Fig. 10); these 
cracks had no observable inlluence 011 the failure. The loading arm functioned precisely 
as planned. 

The lifting rods are still in place in Figure 7, which shows the general setup for the 
test. The dark steel straps in the furti~round and in the background are the loading 
straps that frame into vertical channels. Load was applied by jacking between the can
tilever arms and the channels. 

The transverse cantilever beams were first loaded to dead load plus 1.25 live loads 
(DL + 1.25LL) to produce flexural cracking and then were unloaded . (Throughout this 
report live load is considered as the sum of ttie live and impact loads and 1s noted by 
the abbreviation LL.) For the test proper, the equivalent of dead load was applied to 
each arm, and then the right arm was loaded progressively by steps uptothe equivalent 
of dead load plus 5.5LL. At this load the loading system at the heavily loaded end be
came unstable and released the load, bringing the first part of the test to an end. The 
strains still remaining in the bars after unloading were recorded. 

Four days later, after some correction to the loading system, the testing was re
sumed in a similar manner to a level of dead load plus 6. 75LL on the heavily loaded 
beam when failure occurred that was equal to 2.54 (DL + LL). The failure was the re
sult of yielding of the vertical tensile steel in the column and the subsequent secondary 
compression failure at the opposite face of the column above the construction joint. The 
crack pattern in the joint at this stage is shown in Fi~re 8, whern thP. r.rm;;hin~ of the 
concrete at the right foreground indicates the start of the compression failure. Strain
ing at the same load was continued until the compression concrete outside the compres
Rion steel completely failed from seconda.ry compression, as shown in Figu1·e 9. 

The final crack pattern over the joint is shown in Figure 10. Vertical splitting had 
occurred over the lower half of the anchorage of the higher stressed column tension bar 
where it projected into the beam. It will be noted, however, that splitting did not con
tinue all the way to the top even at this final stage. There was no bond or anchorage 
failure. 

One of the practical difficulties of this test was the removal of the specimen. It had 
to be broken up into truck-sized units as shown in Figure 11. 

'DATA AND ANALYSIS OF TEST RESULTS 

The change to A 432 reinforcement steel with extra stirrups permitted the beam load
ing to go beyond the design value. The primary purpose of the test was to check the 
anchorage (or development length) of the No. 148 tension bars in the pylon column where 
these extended into the upper cross beam. With fc = 4,200 psi, the construction carried 
dead load on each arm and 6. 75LL on the right arm without any failure in anchorage or 
development length ; a load equivalent to 2. 54 (DL + LL). At the face of the column (~n 
thel-ft thiclmess ), thedesign moments wereDLM = 1,122 kip-ftandLLM = 430 kip-ft 
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Figure 10. Crack pattern of the specimen. 

(including impact). The column continued to function until flexural failure in secondary 
compression, after the A 432 No. 14S bars yielded. Although the strain gage record is 
not good at this level, it appears that the outside tension bars were stressed to at least 
65 ksi and at least one of the inner bars (at about the quarter point of the column depth) 
was at 58-ksi stress. 

The bent design was for intermediate-grade steel. At DL + 4. 5LL, equivalent to 
1.97 (DL + LL), the steel stress in the outHr bars was 43 ksi and in one of the inner 
bars was 37 ksi. This indicates an overall factor of safety of nearly 2 for a design based 
on intermediate-grade steel. Although there was some splitting (Fig. 10), it is not cer
tain that the anchorage was in serious danger at the ultimate load. 

Strain Gage Data 

The chief subsidiary data were strain gage readings on four bars shown in Figure 5. 
These were interpreted into stresses and are shown in Figures 12 through 15; the bottom 
of the beam is indicated by the hatched corner outline. The data in each case are in two 
parts: an upper set of curves representing the first loading (before it became unstable) 
and a lower set representing the data during the final load test, including the locked-up 

Figure 11. Specimen broken up for removal. 

strains from the first loading. 

Interpretation of Bar Strain Data 

Stresses were obtained by using the bar 
stress-strain data in Figure 16. Some of 
the gage data are missing or should be 
questioned; these cases are shown by dashed 
lines. In Figure 12 it is obvious that at 
gage 9 the steel has reached the yield stress 
and must be more highly stressed at gages 
10 and 11. The bulge in the stresses in 
the area of gage 5 probably occu.rred be
cause a diagonal crack opened in that vi
cinity, the crack being directed radially 
toward the inner corner between the com
pression faces of the column and heavily 
loaded beam. The inner bar stresses in 
Figure 14 drop sharply as the bar leaves 
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Figure 12. Steel stress distribution in outer bottom bar. 
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Figure 14. Steel stress distribution in inner top bar. 
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Figure 16. Steel stress-strain curve for No. 14S bar. 

the simpler stress pattern at the top of the column and enters into the more complex 
beam and joint area. 

So far as end anchorage is concerned , these inner bars could apparently be stopped 
off somewhat shorter than the outside bars, possibly at about two-thirds of the anchor
age length of the outer bar. However, the longer length serves a very necessary fWlc
tion in controlling the diagonal cracking that occurs within the joint, as marked by the 
bulge in stress at station 26. The crack pattern in Figure 10 indicates the need for a 
reinforcing grid to control cracking throughout the joint, that is, the area common to 
the beams and column. 

Effective Bond Hesistance 

The ultimate design stresses in bond are the same in the Bureau of Public Roads cri
teria for ullimate strength design (1) and in the 1963 ACI Building Code (2); that is, 
6¢ /i'J. For these bars (and ¢ = 1 for-a known fc of 4,200 psi) this allowable stress pre
dicts the rate of change of bar stress indicated by the slope of the lines marked "cri
teria" in Figures 12 through 15. The inner bar in Figure 14 reaches this rate only in 
the short section that was gaged below the beam; Figure 15 does not cover the corres
ponding length. The exterior bars (Figs. 12 and 13) on the first unbalanced loading 
reached this approximate rate of change in stress and in the final loading seem to have 
exceeded it at least locally. 

This degree of encouraging correlation must be viewed with the added fact that a long 
splitting crack did occur over about hall of the anchorage length (Figs. 8 and 10), despite 
an ultimate bond stress (averaged over the entire anchorage length) of only 280 psi com
pared to the 388 psi that the BPR criteria and ACI Code permit. The exact extent of 
untapped bond strength is not precisely known, but it is thought to be very limited. The 
close spacing of No. 14S bars (at 6-in. centers) probably lowered the bond resistance, 
although the acting beam compression should have reduced the net splitting. 
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Although no conclusive evidence about the ultimate bond strength capacity has been 
established, the test indicates that in this type of situation it may be advisable to be con
servative and count only 75 percent of the specified bond stress over the full anchorage 
length. 

CONCLUSIONS 

The test indicated that this specific detail was adequate in bond resistance, but that 
bending forces perpendicular to a bar may lower its bond strength. The column failure 
was in flexural tension with a secondary failure in flexural compression, the most de
sirable type of failure because of the adequate warning and the large amount of toughness 
it provides. The cracking in the joint area common to beam and column justifies a grid 
of reinforcing steel at least equal to that furnished by ties and column steel. 
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