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BRIDGE DECK DESIGNS FOR RAILING IMPACTS 

INTRODUCTION 

Current specifications by the American Association of State Highway 

and Transportation Officials (AASHTO) Standard Specifications for Highway 

Bridges (l) set forth certain structural design requirements for bridge 

rail ings and the corresponding bridge decks. The AASHTO Specifications 

call for bridge railings to meet specific geometric criteria and to resist 

specific static lateral and longitudinal loads without exceeding the 

allowable stresses in their elements. AASHTO also specifies the manner in 

whi ch these stati c forces are to be transferred to the concrete deck. 

However, these bri dge deck speci fi cat ions are questi oned on the bas is of 

observed deck fai lure patterns in recent crash tests (,£,1) and observed 

deck failures at actual vehicle collision sites. 

I t has been observed that when vehi c 1 es co 11 i de wi th a metal or 

concrete traffic railing the traffic railing usually contains them but 

extensive damage may occur to the concrete bridge deck. Repair of a bridge 

deck is costly, time consuming, and dangerous. To repair a bridge deck, 

portions of the highway must be blocked off from traffic for several days 

wh i 1 e the damaged deck is removed, damaged s tee 1 is replaced, forms are 

built, and concrete is placed and allowed to cure. During this time 

traffic becomes congested because of reduced lanes, and the construction 

work is hazardous to traffic as well as tQ workers. 

The Texas Transportation Institute (TTl), in conjunction with the 

Texas State Department of Highways and Public Transportation (TSDHPT) have 

been studying the problem on three types of bridge railing used in Texas. 

Full-scale sections of deck with a post, a parapet, or an 8-ft section of 

railing were built and tested. Twenty-six tests, twenty-four static and 
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two dynami c tests were conducted on three Texas standard bri dge ra i 1 i ngs 

and on design variations of these railings. The three types of railings 

studied were the Texas T10l, T202, and T5 bridge railings. Appendix A 

contai ns summary resul ts for each test. 

TESTS PERFORMED ON THE TEXAS TYPE T10l BRIDGE RAILING, 
POST, AND CONCRETE DECK 

The T10l bri dge rai 1 i ng is a W-beam rai 1 element mounted on strong 

posts anchored to a 7 1/2 in. deck by means of four 3/4 in. diameter A325 

bolts. One inch formed holes in the slab allow the post to be bolted 

through the slab to a bottom 8 in. x 1/4 in. x 9 in. plate' with 7/8 in. 

diameter bolt holes. The galvanized T10l post is constructed of a 26 1/8 

in. length W6 x 20 (A36) wide flange welded to a 10 in. x 9 in. x 7/8 in. 

base plate with 1 in. x 1 1/2 in. slotted bolt holes. An anchor plate cast 

inside the concrete deck made of 1 1/2 in. x 39 in. x 1/4 in. A36 steel 

plates distributes the load from the bolts to the concrete. Figure 1 is a 

drawing of the standard bridge deck with the T10l post. Figure 2 is a 

composite drawing showing the different variations of this design. Figure 

3 shows the three types of bolt anchor plates used. Photographs of typical 

crack patterns are shown in Figure 4. Table 1 is a sURlllary of the tests 

performed on the T10l post and concrete bridge deck. 

TESTS PERFORMED ON THE TEXAS TYPE T10l STEEL POST 
ON A RIGID SUPPORT 

Two static tests (T10l.1PO and 2PO) were performed on the T101 steel 

post connected to a rigid foundation to determine the strength of the 

post. The bolts, nuts, and washers on the first test were of sufficient 

strength to force the failure to occur in the post. The peak load was 
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42.7 kips at 3.6 in. deflection. The compression flange buckled and there 

was yielding in the tension flange and web. 

I n the second tes t, standard A325 bo 1 ts, 3/4 in. di ameter nuts and 

washers were used to determi ne the strength of the system. The mai n 

failure mode was in the washers, which pulled through the 1 in. x 1 1/2 

in. slotted holes in the post base plate. There was also some buckling in 

the compression flange and some yielding in the tension flange and web of 

the post. The peak load was 23.7 kips at 0.8 in. deflection. From these 

tests it is shown that the bolts and washers are weaker than the W6 x 20 

steel posts. 

TESTS PERFORMED ON THE STANDARD TEXAS TYPE T10l POST 
WITH CONCRETE DECK 

Two static tests (T10l-1S and 2S) were performed on the standard T10l 

post wi th a 7 1/2 in. deck to determi ne the s trengt h of the exi st i ng 

systems. The peak loads were 18.6 kips and 19.0 kips occurring at 1.6 in. 

deformation. The general crack patterns depicted the post punching through 

the deck with major cracks through the bolt holes. The bolt anchor plate 

was broken and a #5 top bar that was located under the post between the 

anchor bolts broke 6 in. from its end. These loads are not enough to 

develop the anchor bolts as evident by the failure mode in test T101-2PO. 

Two dynamic tests (T10l-1D and 20) were performed on the standard T10l 

post with a 7 1/2 in. concrete deck to determine the dynamic strength and 

the energy absorbing capabilities. The peak loads were 57.9 kips and 36.2 

kips at 1.8 in. deflection. The difference in these two values can be 

attributed to the different types of pendulum noses used in each test. The 

energy absorbed was 17,475 and 28,608 kip-ft. 

identical with the static tests. 
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These tests indicated that methods of strengthening the slab needed to 

be investigated. 

TESTS ON THE VARIATIONS OF THE TEXAS TYPE T101 POST 
AND CONCRETE DECK 

It was hypothesized that the punching effect of the post through the 

slab was due to high stress concentrations under the post base plate. To 

spread out these forces in the slab it was suggested that more tension and 

longitudinal steel be used in the top of the slab. To do this, a 48 in. x 

18 in. welded wire fabric mat made of D20 bars was placed on top of the 

existing steel. The existing top and bottom steel was extended to within 1 

in. of the edge of the deck. The 1 ongi tudi na 1 steel was inc reased to 

include two 14 bars on top and two 15 bars on bottom between the outside 

bolts and the edge of the deck. This steel configuration was statically 

tested in a 7 1/2 in. deck (T101-3S) and a 10 in. deck (T101-4S). An 

immedi ate increase in the deck strength was observed. The 7 in. deck 

reached a peak load of 24.0 kips at 2.0 in. deflection, and the 10 in. deck 

reached a peak load of 27.0 kips at 3.3 in. deflection. The bolts used in 

this test were 7/8 in. diameter to develop the strength of the slab before 

developing that of the bolts to determine the net increase in slab 

strength. Crack patterns in the deck were similar to the previous test; 

however, no broken steel was found. 

Since it was determined that the slab strength could be increased 

above the strength of the bolts, more economical designs were sought. The 

anchor plate was enlarged (modification #1) to replace the welded wire 

fabric. The longitudinal top steel was reduced to one bar between the 

outside bolt and the deck edge. All other steel modifications remained the 
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same as in the previous two tests. The deck depths tested were 8 in. 

(T101-5S) and 10 in. (T101-6S). The standard 3/4 in. A325 bolts, nuts, and 

washers were used. For the 8 in. deck the peak load was 21.4 kips at 2.0 

in. deflection and for the 10 in. deck the peak load was 21.2 at 4.7 in. 

deflection. The toughness of the slabs was increased as seen in the load 

deflection curves. THe load on the 8 in. deck did not drop off until the 

bolt broke at 20.5 kips and 7 in. deflection. The load on the 10 in. deck 

was steadily increasing until the bolt broke. In both tests the base plate 

was bent and some yi e 1 di ng of the post was evi dent. Crack i ng of the 

concrete in the 8 in. deck was similar to that in previous tests. In the 

10 in. deck, major cracks occurred only through the bolt holes on the field 

side of the bridge rail. 

Post edge distance was considered a problem. The last two tests in 

this series were performed on an 8 in. deck (T101-7S) and a 10 in. deck 

(T10l-8S) with the post edge distance inc'reased from 1 3/4 in. to 3 1/2 

in. The modified anchor plate was reduced (modification #2) and the top 

1 ongi tudi na 1 steel was increased to a peak load of 22.0 kips at 2.3 in. 

deflection, at which time an anchor bolt broke. The 10 in. deck reached a 

peak load of 25.4 kips at 2.1 in. deflection. At a load of 21.0 kips and 6 

in. deflection one bolt and washer had pulled through the base plate hole 

and the test was terminated. Cracking of concrete occurred only through 

the field side bolt holes and in the edge of the deck in both tests. 

CONCLUSIONS 

The static strength of the W6 x 20 post was 42.7 kips; however, the 

strength of the post with standard bolts and washers was only 23.7 kips. 

In order for easy repair, the deck must be able to withstand this load with 
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minimal cracking. The standard Texas bridge deck was unable to withstand 

these loads. However, all modifications to the Texas T101 post and 

concrete decks tested were capable of developing the full strength of the 

bolts before severe damage occurred to the deck. These modifications were: 

(1) extend the reinforcing steel in the deck to within 1 in. of the anchor 

bolts and the deck edge, (2) increase the number of longitudinal bars 

between the anchor bolts and the deck edge, (3) addition of welded wire 

fabric under the posts, (4) enlarge the bolt anchor plate as shown, (5) 

increase the post edge distance, and (6) increase the depth of the bridge 

deck to about 10 in. 

RECOMMENDATIONS 

The idea 1 fai 1u re mode for the W6 x 20 steel post and the concrete 

slab would be bolt failure before severe damage occurs to the slab. Using 

standard 3/4 in. diameter A325 bolts to the limiting load value ranges from 

21 to 25 kips. 

The bolt failure mode varies in these tests by: (1) bolt and washers 

pull through large holes in base plate, (2) traffic side bolts fail in 

tension, and (3) concrete deforms in compression to the extent that all 

four bolts go into tension before any bolt failure occurs, thus increasing 

the load. Two recommendations to alleviate these problems and to force a 

tensi on fa,i lure in the bolts are: (1) stronger washers are needed, and 

(2) a larger base plate is necessary to prevent crushing failure of the 

concrete under the compression flange. 

TESTS PERFORMED ON THE TEXAS T202 CONCRETE BRIDGE RAIL AND DECK 

The T202 bridge rail is a parapet type concrete rail with 5 ft 0 in. 

posts and 5 ft 0 in. spac in g whi ch suppo rts a cont i nuous concrete beam. 
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The "postS" are 7 in. deep with thirteen #4 tension bars in the traffic 

side that bend to join the bottom steel in the deck and five #4 straight 

compression bars in the field side. The post sits on the deck 1 1/2 in. 

from the edge. The post reinforcing was all grade 60 steel, whereas the 

standard deck reinforcing was grade 40 steel. Figure 5 details the 

standard T202 concrete bridge rail and deck. Figure 6 is a composite 

drawing of the modifications tested. Figure 7 details the welded wire 

fabric and Figure 8 details the #4 stirrups noted in the modifications. 

Photographs of typical crack patterns are shown in Figure 9. Table 2 is a 

summary of the tests performed on the T202 concrete bridge rail and deck. 

TESTS PERFORMED ON THE STANDARD TEXAS TYPE T202 
CONCRETE BRIDGE RAILING AND DECK 

One static (T202-1S) and one dynamic test (T202-l0) were performed on 

the standard T202 concrete bridge rail. The peak load on the static test 

was 26.3 kips at 0.3 in. deflection. For the dynamic test the peak load 

was 109 kips at 1.6 in. deflection. The energy absorbed was 79,677 kip-ft. 

Concrete along the deck edge was spall ed off and cracks appea red in the 

deck at each end of the 5 ft 0 in. concrete post. No cracks appeared in 

the post. 

TESTS ON THE VARIATIONS OF THE TEXAS TYPE T202 
POST AND CONCRETE DECK 

It was decided that the deck needed strengthening to force a failure 

in the post. To do this, 48 in. x 18 in. welded wire fabric was added to 

the top steel in the deck, and the top and bottom steel was lengthened to 

within 1 in. of the edge of the deck. The peak load in this test (T202-2S) 
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was 25.1 kips at 0.5 in. deflection. There is no appreciable difference in 

the shape of th is load def1 ect ion cu rve and t he test on the standa rd 

design. Concrete spal1ing occurred and the cracking mode was similar to 

the previous tests. 

The design for test T202-3S was the same as T202-2S except the tension 

and compression steel in the post had an 8 in. lap splice beginning on top 

of the deck. The compression steel from the post to the deck was bent to 

join the bottom steel similar to the tension steel configuration. The peak 

load was 21.4 kips at 0.4 in. deflection. Severe cracking occurred in the 

deck at each end of the post, but the concrete did not spall off the edge 

of the deck. 

This design was modified to contain an 85 in. x 24 in. welded wire 

fabric mat for test T202-4S. The peak load was 21.7 kips at 0.9 in. 

deflection. The crack pattern was the same as test T202-3S with no 

spa1ling of concrete. 

It was determined that the welded wire fabric gave no advantage to the 

system and was eliminated. 

The next step was to drastically modify the steel in the deck. The #5 

bars at 5 1/4 in. centers in the top of the deck were bent up to form the 

tension steel in the post with a 12 in. lap splice. The compression steel 

in the post was continuous and straight. On either ~ide of this 

compression steel a longitudinal #4 bar was placed in the top of the deck 

and a longitudinal #5 bar in the bottom of the deck. A #4 bar sti~rup (see 

Figure 8) was placed at 45 degrees in the deck connecting the top and 

bottom steel to strengthen this joint. In an 8 in. deck (T202-5S) the peak 

load was 24.9 kips at 0.8 in. deflection. In a 10 in. deck (T202-6S) the 

peak load was 31.0 kips at 0.7 in. deflection. Severe spa11ing and 
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cracking of the concrete occurred in the 8 in. deck and in the post. 

However~ in the 10 in. deck~ severe cracks appeared in the wall along the 

12 in. lap splice before cracking appeared in the deck. Even after the 

load fell to 12 kips at 1.5 in. deflection the cracks in the deck were 

repairable. 

To improve on this design the lap splice in the tension steel was 

increased to 17 in. in tests T202-75 and 85. The post edge spacing was 

increased from 1.5 in. to 3.5 in. to try to curtail the spalling of 

concrete. Two top longitudinal 14 bars in the deck were placed between the 

post compression steel and the edge of the deck. In this 8 in. deck 

(T202-75) the peak load was 23.4 kips at 1.1 in. deflection with no 

spalling of concrete. The post had cracks along the 17 in. lap splice and 

the deck had cracks at each end of the post. The 10 in. deck (T202-85) had 

a peak load of 29.2 kips at 0.9 in. deflection. The crack pattern was 

similar to the 8 in. deck test. 

The last pair tested was on a simplified design. The top and bottom 

reinforcing steel in the deck was straight and continued to within 1 in. of 

the edge of the deck. The compression steel in the post was five 14 bars 

that were straight and continued into the deck to the bottom steel. The 

thi rteen 14 tension bars were continuous from the post to bend into the 

bottom reinforcing steel of the deck with an 8 in. splice in the deck. The 

post edge distance was 3 1/2 in. and there were two longitudinal #4 bars 

continuous in the top steel of the post and two #5 bars bottom steel. For 

the 8 in. deck (T202-95) the peak load was 35 kips and 0.9 in. deflection. 

For the 10 in. deck (T202-l05) the peak load was 40 kips at 0.9 in. deflec­

tion. In both of these tests the concrete was cracked along the edge of 

the deck but di d not spall off. The crack i ng may be due to the 1 ack of 
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stirrupss however the increased edge distance and additional longitudinal 

steel keep the concrete from spalling off. 

CONCLUSIONS 

Four of the modifications to the T202 railing and deck gave it added 

strength. These modifications are: (l) extending the slab reinforcing 

steel to within 1 in. of the deck edges (2) increasing the edge distance 

from 1.5 in. to 3.5 in., (3) increasing the slab thickness s and (4) addi­

tional longitudinal reinforcing bars in the slab. The modifications that 

did not increase the strength were the addition of welded wire fabric and 

the addition of the #4 bar stirrup. Howevers the #4 bar stirrup appeared 

to reduce cracking in the deck. 

RECOMMENDATIONS 

The best design is the design used in test T202-9S. It has an 8 in. 

deck thickness with a 3 1/2 in. post set back. It contains four longitudi­

nal reinforcing bars (two #4 bars-top and two #5 bars-bottom). Thirteen #4 

bars from the post bend to form an 8 in. lap .sp1ice with the bottom steel 

of the deck. No special made stirrups or welded wire fabric was used. The 

peak load of this design was 35 kips and 0.9 in. deflection. Only hairline 

cracks appeared at this loading. At 8 in. deflection large cracks had 

appeared but no spal1ing of concrete had occurred. Increased load capacity 

can be achieved with this design using an increased deck thickness. Where 

the situation demands its the 10 in. deck can be used to obtain a peak10ad 

of 40 kips at 0.9 in. deflection. 
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TESTS PERFORMED ON THE STANDARD TEXAS TYPE T5 
CONCRETE BRIDGE RAIL AND DECK 

The T5 bridge railing is a continuous concrete parapet type railing. 

The standard design is shown in Figure 10. The railing contains seven #4 

bars continuous along the length and #5 bar stirrups at 8 in. centers that 

are formed in the shape of the rail with a 1 1/4 in. clearance. The 

concrete rail element is connected to the deck by a #5 "hair pin" bar at 8 

in. on center. The "hair pin" bar contains two legs that connect the rail 

to the deck. The tension leg is 8 3/4 in. from the edge. One static test 

was performed on the standard design and three static tests were performed 

on modified designs. Figure 11 is a composite drawing of the modifications 

made on the rai 1 • Photographs of typi cal crack patterns are shown in 

Figure 12. Table 3 is a summary of the tests performed on the T5 railing. 

TEST ON THE STANDARD TEXAS TYPE T5 
CONCRETE BRIDGE RAIL AND DECK 

One test (T5-1S) was performed on the standard T5 bridge rail with an 

8 in. deck. It revealed the peak load to be 45 kips at 1.2 in. deflection. 

The rail sustained no cracking, while the deck sustained severe cracking 

along the tension side of the "hair pin" plates. Prying action of the rail 

on the deck was considered the major problem. 

TESTS ON MODIFICATIONS OF THE TEXAS TYPE T5 
CONCRETE BRIDGE RAIL AND DECK 

For the first modification (T5-2S) the top and bottom steel of the 

deck was extended to within 1 in. of the edge of the deck. The "hair pin" 

bar was modified so that it had only one leg connecting the rail to the 
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deck at 10 3/4 in. from the edge of the deck. The backside of the rail was 

chamfered 2 in. to help reduce the prying action. The chamfer effectively 

increases the edge distance from 1 1/2 in. to 3 1/2 in. without moving the 

rail or increasing the width of the bridge slab. The peak load was 36.2 

kips at 0.4 in. deflection. The crack pattern was similar to the crack 

pattern of the standard design. 

To reduce the cracking in the slab a #4 bar stirrup was placed in the 

deck of the previous designs. For an 8 in. (TS-35) deck the peak load was 

42.2 kips at 0.6 in. deflection. 

This modified design without a bar stirrup was performed on a 10 in. 

deck (TS-4S). The peak load was 49.1 kips at 0.5 in. deflection. 

Major cracks occurred in the deck along the tension leg of the "hair 

pin" bar except in the design "with the #4 bar stirrup. In this test the 

related crack formed at the traffic edge of the parapet and angled 45 

degrees into the deck. The 10 in. deck also had a hairline crack where the 

deck thickness was reduced to join the 8 in. standard deck thickness. 

CONCLUSIONS 

Four modifications were made on the standard design. They were: 

(1) change the #4 "hai r pi nil bar from two legs with the tensi on member at 

8 3/4 in. to a modified "hair pin" bar with one leg (tension member) at 

10 3/4 in., (2) increase the edge distance by adding a 2 in. chamfer at the 

back of the rail, (3) add a #4 bar stirrup, and (4) increase the deck 

thickness. Of these, only the increased deck thickness gave added strength 

to the deck/rail design. 
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RECOMMENDATIONS 

From examining the four tests performed, the standard design (T5-1S) 

appears to be the most economical. It has a peak load of 45 kips at 1.2 

in. deflection and the load does not drop off quickly. An increased load 

of 49.1 kips at 0.5 in. deflection was achieved using an increased deck 

thickness, a modified "hair pin" bar, and a 3 in. post set back. However, 

this may not be the most efficient design since this was the only test with 

the 10 in. deck thickness. 
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Figure 1. Standard Bridge Deck with Texas Type T101 Post. 
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....... -----------30 .. ---------------+4 

Figure 2. Composite Drawing of Modifications to the Texas 
Type T101 Post and Concrete Bridge Deck. 
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t 
5 Spac.. t9 3" C·C 

J-

....------ 3'-3" --------... 

2 1/2".1/4".9" It -""---' 

2 1/2" I 1/4" It 39" It A36 Steel Plote 

STANDARD (A36 Steel) 

21/2" • 3/8" • 30" R. 
A441 Steel Plote 

2 1/2" • 3/8". 48" It ---,. 

- 2 1/2". 3/8". 12" It 

I 1/4" Mox. ~ Hoi •• 

7 Spac .. \9 3" c-c 

2 1/2" 13/8" I 39" I. 
A441 Stee I Plote 

I ./4" Mal.' Hal .. 

MODIFICATION 2 (A44l Steel) MODIFICATION 1 (A44l Steel) 

Figure 3. Types of Anchor Plates Used in the Texas Type T10l Bridge Deck. 



Figure 4. Typical Crack Patterns for Texas T101 Post 
with Concrete Bridge Deck. 
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Note: All Steel is Grade 60 in Bridge Rail 
Unless Otherwise Noted. 

Rect. Spiral 3" Pitch, 201 Wire ASTM A82 

20.5" 

...... ---- 21-6 .. -----t ... ~1 

Figure 5. Standard Texas Type T202 Concrete Bridge Rail and Deck. 
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7.5'or8" 

#4 Barl, 
Grade 60 

II 
II 
II 
II 
II 

5-#4 Bars, II 
Gr a de 6 0 -~---I-I...:II 

n l -

I.S'ar3.5" 

.11 
1111 
111ie> 
1111 
lin 
1111 
II1I 
1111 

::11 

#4 Stirrup--t----~I...I r ____ I _I" C_1. 

~-13-# 4 Bars, Grade 60 

-til I 1/4" CI. 

r,!i-~ 
IIH 
III1 

111::-1 12"or 17" 
1III Lap 
1II1 Splice 
11111 8" 
; II Lap 
III:: Splice 

1111 .. 
1'1111 
II .. 

Note: All Ste el is Grade 40 
Unless Otherwise Noted. 

Weide d Wire Fabric 
48"" 18"or 
84"" 24" 

#4 Bars 
e 10 1/2"c-c 

14---12 1/4 .. ----.... i-------17 3/4" ------M 

Figure 6. Composite Drawing of the Modifications to the Texas Type T202 Concrete Bridge Rail and Deck. 



r-D20 BARS 
J 

I 
J 

I 
13" 

1~ ~ III SPACES ~ ". - 020 BARS .~ 
48 X 18 WELDED WIRE FABRIC 
ASTM A82 min. Fy : 70 ksi 

,W 8 BARS 

I 

/ 

/ 
16 SPACES ~ S" - 020 BARS 

8S X 24 WELDED WIRE FABRIC 

Figure 7. Welded Wire Fabric Used in the Modified Texas 
Type T202 and T5 Concrete Bridge Decks. 
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---# 4 Bar, Grade -40 

10 Spaces e 5" c-c = 50" 

For 7 1/2" or a" Slab Thickness 

6 V4" '0 Spaces e 8" c- c = 80" 

For 10" Slob Thickness 

4" 

6 1/4" 

8" or 
gil 

6" 10 "l" 

Figure 8. Configurations of the #4 Stirrups Used in the Modified T202 and T5 Bridge Railings. 



Figure 9. Typical Crack Patterns for Texas T202 Concrete 
Post anJ Bridge Deck. 
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Note: All Steel is Grade 40 

12" 

5Bars @5 1/4" c-c 

.-..-#48ars 
Top Steel 

Figure 10. Standard Texas Type T5 Concrete Bridge Rail and Deck. 
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12" 

161/2" 

#5 Bors 
e 8" c-c 

19" 

"'---Mt--""I"+-- #: 4 Stirrup 

Note: All Steel is 
Grode 40 

#: 5 Bors 
e 5 114"c-c 

#4 Bors, 
Top Steel 

Z·CI. 

I 1/4'CI. 

#4 Bcrs 
e 10 1I2"c-c 

----~~----------17 3/4·----------~.I 
Figure 11. Composite Drawing of Modifications to the 

Texas Type T5 Concrete Bridge Rail and Deck . 
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Figure 12. Typical Crack Patterns for Texas T5 Concrete 
Post and Bridge Deck. 
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TEST NO. 
AND TYPE 

T101-1D 

T101-2D 

T101-1S 

T101-2S 

T101-3S 

T101-4S 

T101-5S 

T101-6S 

T101-7S 

T101-8S 
T101-1PO 
T101-2PO 

TABLE 1. SUMMARY OF TEST RESULTS ON BRIDGE DECK CONNECTION 
TO TEXAS TYPE T101 STEEL POST * 

SLAB EDGE B BOLT SPECIAL PEAK DISPL REMARKS 
DEPTH DIST. TOR BDR ~i n.l AP REINF. LOAD (in .) 
(i n.) (i n.) (Ki ps' 

211b Ib pendulum at 2U mph, plywood 
7.5 1.75 1-#4 1-#5 6 Std. - 57.9 1.8 nose. Severe slab cracking and 

spalling. 2 K load at 16" 
2293 lb pendulum at 20 mph. 

7.5 1.75 1-#4 1-#5 6 Std. - 36.2 1 .8 rubber nose. Severe slab cracking 
and spa11ing. 
Severe slab cracking and spa11ing 

7.5 1.75 1-#4 1-#5 6 Std. - 18.6 1.6 of concrete. Load falls off to 
9.5K at 7.2" displacement. 
Severe slab cracking and spalllng 

7.5 1.75 1-#4 1-#5 6 Std. - 19.0 1.6 of concrete. Load falls off to 
3 . 0 Kat 1111 dis pl. Ze ro 1 oa d @ 8. 8 I 

Welded 7/8 11 bolts used. Severe slcib 
7.5 1.75 2-#4 2-#5 1 Std. Wi re Fab. 24.0 2.0 cracking but taut. Final load 

25K at 9.6" 
Welded 7/8 in. bolts used. Severe slab 

10 1.75 2-#4 2-#5 1 Std. Wi re Fab. 27.0 3.3 cracking but taut. Final load 
23.5K at 9.4 11 

8 1.75 1-#4 2-#5 1 Mod. 1 21.4 2.0 Anchor bolts broke at 20.5 K and - 711 displ. Severe cracking. 
10 1.75 1-#4 2-#5 1 Mod. 1 - 21.2 4.7 Anchor bolts broke at 21.2 K and 

4.9" displ. Moderate cracking. 
8 3.5 2-#4 2-#5 1 Mod. 2 - 22.0 2.3 Ancnor DO I tS DroKe at Z J .7 K. and 

·2.3 in. displ. Moderate cracking. 
10 3.5 2-#4 2-#5 1 Mod. 2 - 25.4 2.1 lest termlnated at 21.0 K and 

6" displ. Moderate cracking. 
- - - OverSlze bolts anc washers used. - - - 4 .7 3.6 Post fal1ure; flange buckled 
- - Std. 3/4 in. A325 anchor bolts used. - - 23.7 0.8 Nut and washer pulled through 

hole in base plate at 2.8 in. 

*See Key To Abbreviations - Tables 1, 2, & 3. 



TEST NO. SLAB EDGE 
AND TYPE DEPTH 0IST. 

(i n.) ( in.) 
T202-10 7.5 1.5 

T202-1S 7.5 1.5 

11"202-2S 7.5 1.5 

T202-3S 7.5 1.5 

T202-4S 7.5 1.5 

T202-5S 8 1.5 

T202-6S 10 1.5 

T202-7S 8 3.5 

T202-8S 10 3.5 

T202-9S 8 3.5 
T202-10S 10 3.5 

TABLE 2. SUMMARY OF TEST RESlILTS ON BRIDGE DECK CONNECTION 
TO TEXAS TYPE T202 CONCRETE WALL 5 FT LONG * 

REINF. SPECIAL PEAK 
PATTERN TOR BDR B REINF. LOAD DISPL REMARKS 

I(i n.) I(Ki ps) (i n.) 
Std. 1-#4 1-#5 6 109 1.6 Severe cracking of concrete slab - Load fall s to 9 K at 1011 

Severe cracklng & spalling of 
Std. 1-#4 1-#5 6 - 26.3 0.3 concrete slab. Load fall s to 4 Kat 

10" 
Welded Severe cracking of concrete slab. Std. 1-#4 1-#5 1 Wire Fab. 25.1 0.5 
48"xI8" Load fall s to 7.5 K at 7.5 K at 9" 
Welded Severe cracking of concrete slab. Std. 1-#4 1-#5 1 Wire Fab. 21.4 0.4 
48"xI8" Load falls to 7 K at 8" 

Std. wI Welded Severe cracking of concrete slab. Wall 1-#4 1-#5 1 Wire Fab. 21.7 0.9 
Lap spl. 85"x24" Load falls to 9 K at 8" 

Mod. 1 2-#4 2-#5 1 Stir. #4 24.9 0.8 Severe cracking of concrete slab. 
@ 2 5/8" Load falls to 9 K at 10" 
Stir. #4 Mlnor slab cracking. Wall cracks at 

Mod. 1 2-#4 2-#5 1 @ 2 5/8" 31 0.7 end 12 in. lap sp1. Load falls to 
7.5 K at 4" 

Stir. #4 Mlnor slab cracking. Wa 11 cracks at 
Mod. 2 2-#4 2-#5 1 @ 2 5/8" 23.4 1.1 end 17 in. lap spl. Load falls to 

3.5 K at 3" 
Stir. #4 Mi nor s·l ab crack; ng. Wall cracks at 

Mod. 2 2-#4 2-#5 1 @ 2 5/8" 29.2 0.9 end 17 in. lap sp1. Load falls to 
8 K at 5" 

Std. 2-#4 2-#5 1 - 35 U.9 Slab cracklng. Load falls 6 K at 8" 
Std. 2-#4 2-#5 1 - 40 0.9 Slab crackinq.Load falls to 8K at g" 

*See Key To Abbreviations - Tables 1, 2, & 3. 



N co 

TEST NO. SLAB 
AND TYPE DEPTH 

( in.) 
T5-1S 8 

T5-2S 8 

T5-3S 8 

T5-4S 10 

TABLE 3. SUMMARY OF TEST RESULTS ON BRIDGE DECK CONNECTION 
TO TEXAS TYPE T5 SAFETY SHAPE CONCRETE BARRIER* 

EDGE REINF. B SPECIAL PEAK DISPL REMARKS 
DIST. PATTERN TOR BDR (i n.) REINF. LOAD ( in.) 
(i n.) Kips 
1.5 Std. 1-#4 1-#5 6 45 1.2 Moderate slab crack i ng. - falls to 15 kips at 5 in. 
3.5 Mod. 1 1-#4 1-#5 1 - 36.2 0.4 Modera te slab crack i ng. 

falls to 10 kips at 3 in. 
Stir. #4 Modera te slab crack i ng. 

Load 

Load 

Load 3.5 Mod. 1 1-#4 1-#5 1 @ 2 5/8" 42.2 0.6 falls to 18 kips at 3.5 in. 
3.5 Mod. 1 1-#4 1-#5 1 Stir. #4 49.1 0.5 Moderate slab. cracking. Load 

@ 2 5/811 falls to 10 kips at 5 in. 

*See Key To Abbreviations - Tables 1,2, & 3. 



KEY TO ABBREVIATIONS - TABLES 1,2, & 3 

TEST NO. AND TYPE - The test number is given. The type of loading 

is indicated by the last letters: D - dyna.mic loading, and S -

static loading. 

SLAB DEPTH - Depth of the slab at the edge. 

EDGE DIST. - Distance between the edge of the deck and the field side 

of the post. 

REINF. PATTERN - four types of reinforcing patterns were used: 

Std. - The standard reinforcing pattern currently used. 

Std. w/Wa1l Lap Spl. - Standard with an 8" wall lap splice. 

Mod. 1 - In the first modification the top steel bends into the 

traffic side with a 12-in. lap splice in the post. 

Mod. 2 - In the second modification the top steel bends into the 

traffic side with a 17-in. lap splice in the post. 

TDR - Top deck reinforcing located at the edge of the 

deck 

BDR - Bottom deck reinforcing located at the edge of the 

deck 

B - Bottom transverse reinforcing steel clearance. 

SPECIAL REINF. - Two sizes of welded wire fabric and the #4 bar 

stirrups were used as specia.l reinforcing. 

PEAK LOAD Kips - The ultimate (failure) load in kips the system 

withstood. 

OISPL in. - The lateral displacement of the post at the loading height 

at the peak load. 
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APPENDIX A. SUMMARY OF RESULTS FOR EACH TEST 
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023 

DEFLECTION IN INCHES 

TEST # T202-8S 

~ 26 Kip Load - 0.3" Post Deflectior 

5 Kip load - 5.0" Post Deflection 

+- 29 Kip Load - 1.0" Post Deflection 



U"1 
N 

Note: All S1MI is Gtod! 40 
Unless Otherwise Noted. 

24" -+---ooHt 

35 Kip Load - 0.85" Post Deflection 

O~----~-----4------~----~-----+------~----4-----~ o 2 3 4 8 6 7 

DEFLECTION IN INCHES 

TEST # T202-9S 

Modified T202 Post With 8" Deck After Test 



Note: All Steel is Grade 40 
Unless Otherwise Noted. 

----1-----..-----.:.:-------,#,4 Bors. Grode 60 

J 

Bottom Steel 
#5Bcn 

01 
W 

i 

20 Kip Load - 0.2" Post Deflection 

'0 

40 

#58ars851/4"C-CfI) 30 

#4 Bars e 10 1/2" c-c 

~ 
• o 
'§ 

20 

10 

TEST # T202-10S 

39 Kip Load - 1.0" Post Deflection 

2 4 6 7 

DEFLECTION IN INCHES 

8 Kip Load - 9.0" Post Deflection 



Note: All Steel is Grade 60 
Ulless Noted. 5143 IL c.t 23.1 .... 

12 1ft. a 12 in. a 121ft. p.,...s CuIh_ 

4Bars'IOll2"c-c 
Grode 40 

O~~----~------~----~------+-----~------~------r-----~-----
o • 7 8 

DEFl£CTION IN ICHES 

TEST # T202-1D 

Cart and Modified T202 Post and Slab after Dynamic Test 



Note: All Steel is Grade 40. 

10 

TEST # TS-iS O+-------r-------~----~~----~~----~ 
o 2 3 4 

DEFLECTION IN INCHES 

30 Kip Load -

0.311 Post Displacement 45 Kip Load -

1.18" Post Displacement Modified T5 Traffic Rail W1th 811 Deck After Test 



Note: Aft Sfftlls Grode 40. 

#4 Bars t-----_LCXJd 

r------30"----..-J o~o------~----~----~----~ 2 3 .. 
#4Borse10 '12" c-c TEST # T5-2S DEFLECTION IN INCHES 

35 Kip Load -

30 Kip Load - 0.35" Post Displacement 

0.2511 Post Displacement 
Modified T5 Traffic Rail With 8" Deck After Test 



eo 

Note: All Steel il Grade 40. 

~--~-:---#5 Bar (9 o "c-c 

3i' 

r-i----lIf4 Ben, Top Ste .. 

10 

.------30"------, O~--------r-----~~----_;------~ 
#'4 Bart(t 10 112" c-c o 2 3 

DEFLECTION IN INCHES 

TEST # T5~3S 

#4 STIRRUP 42 Kip Load - T5 Traffic Rail With S" Deck. After Test 

0.57" Post Displacement 



(J'1 

00 

3i' 

Note: All Steel is Grade 40. 

,...---#4 Barl, Top Steel 

#5Barses 1/4"c-c 

f03l4·L 
12 1/4'· r7 3/4'· 

...... ------30 .. · 
# 4 Borst 10 fl2"e.c 

TEST # T5-4S 

Modified T5 Traffic Rail With 10" Deck After Test 

50 . 

40 

"." 
CL 30 
~ 

! 
o 
c 
g 20 

10 

49.l Kips at O.Sin. 

o~ ____ ~~ ____ -+ ______ ~ ______ ~ ______ ~ 

o 2 3 
DEFLECTION IN INCHES 

49 Kip load - 0.511 Post Deflection 
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