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Project Description:

	At present, about 40% of the 600,000 bridges in the FHWA database are constructed at a skew angle (Silas Nichols, Personal Communication). There is considerable uncertainty about the passive force on skewed abutments where the passive force develops at an angle relative to the longitudinal axis of the bridge structure.  Although current design codes (AASHTO 2011) consider that the ultimate passive force will be the same for a skewed abutment as for a non-skewed abutment, numerical analyses performed by Shamsabadi et al. (2006) indicate that the passive force will decrease substantially as the skew angle increases.  Reduced passive force on skewed abutments would be particularly important for bridges subject to seismic forces or integral abutments subject to thermal expansion.  Unfortunately, there have not been any physical test results for skewed abutments reported in the literature which could guide engineers in making appropriate adjustments for skewed conditions.  Nevertheless, some field evidence has clearly shown poorer performance of skewed abutments during seismic events and distress to skewed abutments due to thermal expansion (Shamsabadi et al. 2006, Steinberg and Sargand 2010).

	This study builds on previous pooled fund testing conducted by Rollins and his students at BYU to evaluate passive force-deflection relationships for non-skewed abutments (TPF-5(122), Dynamic Passive Pressure on Abutments and Pile Caps, Rollins et al, 2010).  The test facilities can readily be modified to allow for the test program with relatively small additional costs because of the test fixtures (reaction shafts, reaction walls, and pile supported cap) which are already constructed at the site.  Results from this study can be compared with previous testing to assess overall performance.

Four objectives are outlined for this new study: 
1. Determine static passive force-displacement curves for skewed abutments with and without wingwalls from large scale tests.
2. Provide comparisons of behavior of skewed abutments with that of normal abutments.
3. Evaluate the effect of wingwalls on skewed abutment response.
4. Develop design procedures for calculating passive force-displacement curves for skewed abutments.

The scope of work consists of twelve specific tasks, including new tasks 7 through 12: 
1. Literature Review and Collection of Existing Test Data
2. Perform Laboratory Passive Force-Deflection Tests on 2 ft High Wall with Skew Angles of 0º, 15º, 30º, and 45º
3. Perform Field Passive Force-Deflection Tests on 5.5 ft High Wall with Skew Angles of 0º, 15º, and 30º and Transverse Wingwalls
4. Perform Field Passive Force-Deflection Tests on 5.5 ft High Abutment with Skew angles of 0º, 15º, 30º and MSE Wingwalls
5. Calibrate Computer Model and Conduct Parametric Studies
6. Preparation of Final Report
7. Perform Additional Field Passive Force-Deflection Tests on 5.5 ft High Abutment with a Skew Angle of 45º with and without MSE Wingwalls
8. Perform Field Passive Force-Deflection Tests on 3.0 ft High Unconfined Backfill with Skew Angles of 0º and 30º
9. Perform Field Passive Force-Deflection Tests on 5.5 ft High Pile Cap with Concrete Wingwalls and Skew Angles of 0º and 45º
10. Perform Field Passive Force-Deflection Tests on 3.5 ft High Unconfined Gravel Backfill with Skew Angles of 0º and 30º
11. Perform Field Passive Force-Deflection Tests on 3.5 ft High GRS Gravel Backfill with Skew Angles of 0º and 30º
12. Present the Results of the Study at TRB and AASHTO Meetings

Dr. Kyle Rollins of BYU is the Principal Investigator for this research project.  Individual task reports will be prepared for Tasks 1 through 5 and 7 through 11 when these are completed.  Up to two in-person meetings with the multi-state technical advisory committee (TAC) are planned to be held in Salt Lake City, Utah during the project.  Other TAC meetings will be tele-conference or web meetings.




	
Progress this Quarter (includes meetings, work plan status, contract status, significant progress, etc.):

Task 1 – 100% complete.  
Task 2 – 100% complete.  
Task 3 – 100% complete.  
Task 4 – 100% complete.  
Task 5 – 80% complete.  BYU continued data analysis and worked on task report.
Task 6 – 30% complete.  BYU combined portions of other task reports for the Final Summary Report.  A plan for multiple final reports to be published, based on results of related tasks and including a brief summary report with the main design recommendations, was introduced to the TAC.
Task 7 – 80% complete.  BYU continued data analysis and worked on task report.
Task 8 – 80% complete.  BYU continued data analysis and worked on task report.
Task 9 – 80% complete.  BYU continued data analysis and worked on task report. Draft final report on this task was shared with the TAC for review.
Task 10 – 80% complete.  BYU continued data analysis and worked on task reports.  
Task 11 – 80% complete.  BYU continued data analysis and worked on task reports.
Task 12 – 60% complete.
TAC Meetings – A web conference TAC meeting was held on May 27.  Dr. Rollins provided an update on project tasks and findings.  The group also discussed next steps and the possibility of adding a new, related field testing task to the project, with primary interest from the TAC members from Caltrans.
Contract – No adjustments this quarter.


	
Anticipated work next quarter:

Task 1 – None.
Task 2 – None.
Task 3 – None.
Task 4 – None.
Task 5 – Work will continue on the task report.
Task 6 – Combine portions of other task reports for the Final Summary Report.
Task 7 – Complete the full task report (the revised Tasks 3 and 4 reports).
Task 8 – Complete the full task report.
Task 9 – Revise the draft final report for this task based on TAC feedback.
Task 10 – Complete the full task report.
Task 11 – Complete the full task report.
Task 12 – None.
TAC Meetings – We will hold a TAC web conference to discuss additional results and completed reports.
Contract – Dr. Rollins and UDOT will work with interested TAC members on developing a work plan and identifying funding sources for a new field testing task, involving passive force/skewed abutments using controlled low-strength material (CLSM) as backfill, and potentially some baseline push-and-rotate tests on the test abutment/pile cap.




	

Significant Results:

Work this quarter has focused on completion of the final report for tasks 10 and 11 which are being combined into one document because both involve gravel backfill.  This approach facilitates comparisons between both tests and comparison of analysis parameters.  A draft report is now completed and is currently under final review for submittal to the TAC members. Lateral passive force analyses were completed using the computer models PYCAP, developed by Mokwa and Duncan (2001) as well as ABUTMENT, developed by Shamsabadi et al (2007). Results from the PYCAP analyses have been presented previously.    

Like PYCAP, ABUTMENT also models the passive force-deflection curve hyperbolically but is based more on forces than on moments. The method specified in the program was Log Spiral Forces Method Composite, and 3D geometry was selected. Failure planes were specified from the top down, and stress/strain was calculated with the modified hyperbolic method.
 
The results from ABUTMENT provided very good agreement with the gravel test data and with PYCAP results with very little adjustment of soil parameters and ABUTMENT default values. The computed curves are compared with the measured curves in Figure 1, and the inputs are listed in Table 1. The adjustment to the soil friction angle from 45.8° to 45.6° was very small and well within the variability allowed by using only two direct shear field test points. The wall interface friction angle ratio (δ/φ) was kept at 66%. Remaining soil parameters are equivalent to those input into PYCAP. 
The parameter ε50 represents the strain at which 50% of the ultimate passive force is reached. Shamsabadi et al. (2007) recommends a range of 0.001 to 0.005 for gravels. The ε50 value that best fit the data was 0.0075, which indicates that the large displacements required to push this test without peaking were unusual, as previously discussed. The recommended range for the failure ratio is 0.94 to 0.98; 0.955 fits comfortably within that range. Adjusting the Δmax/H value in ABUTMENT with the ε50 value was more difficult than in PYCAP, thus the skew reduction was excluded from this case.



Figure 1. ABUTMENT best fit curve with 0° skew 3.5 ft gravel test data.
[bookmark: _Ref420087543]


Table 1: ABUTMENT Input Values for Gravel and GRS Tests
	Soil Strength Parameter
	Units
	0° Gravel 
Inputs
	0° GRS 
Inputs

	Cap Width, b
	ft (m)
	11.0 (3.35)
	11.0 (3.35)

	Cap Height, H
	ft (m)
	3.5 (1.07)
	3.5 (1.07)

	Soil Friction Angle, ϕ
	deg
	45.6
	45.8

	Wall Friction Angle, δ
	deg
	30.1
	25.8

	Cohesion, c
	ksf (MPa)
	0
	0

	Abutment Adhesion, Ca
	ksf (MPa)
	0
	0

	Soil Density, ɣ
	kcf (kN/m^3)
	0.1449 (0.01825)
	0.1449 (0.01825)

	ε50
	–
	0.0075
	0.010

	Poisson’s Ratio, ν
	–
	0.22
	0.22

	Failure Ratio, Rf
	–
	0.955
	0.965

	Surcharge, q
	ksf (MPa)
	0
	0



The ABUTMENT analysis inputs for the GRS tests are also found in Table 1.  The ABUTMENT analysis for GRS used the same soil and wall friction angles used in the PYCAP analysis of 45.8° and 25.8°, respectively. It also used a higher ε50 horizontal strain value (0.010) and higher failure ratio (Rf=0.965) than the gravel analysis in an effort to fit the shallower slope of the curve. Still, the shallow slope of the curve was difficult to match in ABUTMENT, as seen in Figure 2. This analysis confirms the likelihood that the reduced passive resistance in the GRS tests was due to both lower wall friction and greater displacement required to develop full passive resistance. The Rskew value of 0.63 was used with the ABUTMENT data to reduce it for a 30° skew analysis, which also had nearly as good agreement as PYCAP.
[bookmark: _GoBack]


Figure 2.  ABUTMENT analysis for GRS tests using PYCAP inputs and ε50=0.010.



	
Circumstance affecting project or budget.  (Please describe any challenges encountered or anticipated that 
might affect the completion of the project within the time, scope and fiscal constraints set forth in the 
agreement, along with recommended solutions to those problems).

Some of the analysis in the newer tasks has taken longer than originally planned.  When the newer field testing tasks were added to the contract, the contract end date was not extended.  The contract was subsequently amended to reflect a revised schedule to complete all tasks and deliverables by the end of 2015.  Once the work plan for additional field testing with CLSM backfill and push-and-rotate tests is prepared, this will be incorporated into a new contract amendment which will also extend the contract end date through at least 2016.




	
Potential Implementation:  

UDOT is considering early adoption of the skew reduction factor for passive force based on the laboratory and field test results.  In June 2013 and June 2014, Dr. Rollins presented the results of the research to date to technical committees at the AASHTO Subcommittee on Bridges and Structures Annual Meetings in Oregon and Ohio on behalf of the project TAC.  This interaction is intended by the TAC and Dr. Rollins to prepare the way for design code revisions once the research is completed.  Caltrans is also promoting use of the research results in their design methods.
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0.42000000000000004	0.42000000000000004	620	700	0.84000000000000008	0.84000000000000008	620	700	1.26	1.26	620	700	1.6800000000000002	1.6800000000000002	620	700	2.1	2.1	620	700	0° GRS 3.5 ft	0	0.23880972000000167	0.5309421700000021	0.78870392000000189	1.0376656700000018	1.2656369200000017	1.4878594200000017	1.7329271700000022	1.9783301700000022	2.2481066700000016	2.5040064200000018	2.7602461700000016	3.0010824200000017	0	78.93085270461377	119.13297793259905	146.24724693381805	167.38253604117796	185.00345635659173	201.7893328177187	213.39978636552351	225.30925596500771	238.02002596829382	251.07607657094945	261.67614086086581	275.79362850532334	30° GRS 3.5 ft	0	0.28733344750000001	0.58063719749999976	0.83333019750000004	1.0274589475	1.2666041975	1.4942394475	1.7306766974999999	1.9882631974999998	2.2226676975000004	2.4970161975000003	2.7459764474999999	2.9988251974999995	0	56.661483305577164	74.491889646246051	91.117205307623095	102.28650087483848	117.24881443840454	126.91703746818034	137.88956236030651	148.19334573504335	155.282747379711	160.68502976049567	165.95684424644733	174.04994410197961	PYCAP	0	0.01	0.03	0.05	0.1	0.15000000000000002	0.2	0.25	0.3	0.35	0.39999999999999997	0.44999999999999996	0.49999999999999994	0.54999999999999993	0.6	0.65	0.70000000000000007	0.75000000000000011	0.80000000000000016	0.8500000000000002	0.90000000000000024	0.95000000000000029	1.0000000000000002	1.0500000000000003	1.1000000000000003	1.1500000000000004	1.2000000000000004	1.2500000000000004	1.3000000000000005	1.3500000000000005	1.4000000000000006	1.4500000000000006	1.5000000000000007	1.5500000000000007	1.6000000000000008	1.6500000000000008	1.7000000000000008	1.7500000000000009	1.8000000000000009	1.850000000000001	1.900000000000001	1.9500000000000011	2.0000000000000009	2.0500000000000007	2.1000000000000005	2.1500000000000004	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999996	2.3999999999999995	2.4499999999999993	2.4999999999999991	2.5499999999999989	2.5999999999999988	2.6499999999999986	2.6999999999999984	2.7499999999999982	2.799999999999998	2.8499999999999979	2.8999999999999977	2.9499999999999975	2.9999999999999973	3.0499999999999972	3.099999999999997	3.1499999999999968	3.1999999999999966	3.2499999999999964	3.2999999999999963	3.3499999999999961	3.3999999999999959	3.4499999999999957	3.4999999999999956	3.5499999999999954	3.5999999999999952	3.649999999999995	3.6999999999999948	3.7499999999999947	3.7999999999999945	3.8499999999999943	3.8999999999999941	3.949999999999994	3.9999999999999938	4.0499999999999936	4.0999999999999934	4.1499999999999932	0	2.6896719866603624	7.9655018371122468	13.107683259515928	25.410729121018552	36.981022253096668	47.882132235273183	58.170482052625111	67.896324930999441	77.104565212755759	85.83545157024804	94.125165134811638	102.0063206680456	109.50839541461211	116.65809752535613	123.47968375713323	129.99523441390969	136.22489209580453	142.18706969494258	147.89863216251419	153.37505582637925	158.63056842874207	163.67827255211625	168.53025468796548	173.19768185940444	177.69088742395869	182.01944744405506	186.19224881317814	190.21755015766448	194.10303639239447	197.8558676887036	201.48272351101224	204.98984229197839	208.38305724195453	211.66782872515023	214.84927358049566	217.93219171837677	220.92109028401262	223.82020564330998	226.6335234167428	229.36479676049555	232.01756307120073	234.59515927061472	237.10073580910372	239.53726951150315	241.90757537548052	244.2143174207184	246.46001867682733	248.64707038871458	250.77774051001774	252.85418154802187	254.878437817106	256.85245215209846	258.77807212788446	260.65705582711888	262.49107719389076	264.28173100760711	266.03053750816019	267.73894670057132	269.40834236473017	271.04004579353381	272.63531928064879	274.19536937724638	275.72134993536713	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	276.20264987559534	PYCAP	0	0.01	0.03	0.05	0.1	0.15000000000000002	0.2	0.25	0.3	0.35	0.39999999999999997	0.44999999999999996	0.49999999999999994	0.54999999999999993	0.6	0.65	0.70000000000000007	0.75000000000000011	0.80000000000000016	0.8500000000000002	0.90000000000000024	0.95000000000000029	1.0000000000000002	1.0500000000000003	1.1000000000000003	1.1500000000000004	1.2000000000000004	1.2500000000000004	1.3000000000000005	1.3500000000000005	1.4000000000000006	1.4500000000000006	1.5000000000000007	1.5500000000000007	1.6000000000000008	1.6500000000000008	1.7000000000000008	1.7500000000000009	1.8000000000000009	1.850000000000001	1.900000000000001	1.9500000000000011	2.0000000000000009	2.0500000000000007	2.1000000000000005	2.1500000000000004	2.2000000000000002	2.25	2.2999999999999998	2.3499999999999996	2.3999999999999995	2.4499999999999993	2.4999999999999991	2.5499999999999989	2.5999999999999988	2.6499999999999986	2.6999999999999984	2.7499999999999982	2.799999999999998	2.8499999999999979	2.8999999999999977	2.9499999999999975	2.9999999999999973	3.0499999999999972	3.099999999999997	3.1499999999999968	3.1999999999999966	3.2499999999999964	3.2999999999999963	3.3499999999999961	3.3999999999999959	3.4499999999999957	3.4999999999999956	3.5499999999999954	3.5999999999999952	3.649999999999995	3.6999999999999948	3.7499999999999947	3.7999999999999945	3.8499999999999943	3.8999999999999941	3.949999999999994	3.9999999999999938	4.0499999999999936	4.0999999999999934	4.1499999999999932	0	1.6944933515960283	5.0182661573807152	8.2578404534950351	16.008759346241689	23.298044019450902	30.165743308222105	36.647403693153819	42.774684706529648	48.575876084036132	54.076334489256269	59.298854034931331	64.263982020868724	68.990289111205627	73.494601440974364	77.792200766993929	81.896997680763107	85.82168202035686	89.577853907813832	93.176138262383944	96.626285170618928	99.937258110107507	103.11731170783324	106.17406045341825	109.1145395714248	111.94525907709398	114.67225188975469	117.30111675230224	119.83705659932862	122.28491292720852	124.64919664388327	126.93411581193772	129.1436006439464	131.28132606243136	133.35073209684464	135.35504235571227	137.29728078257736	139.18028687892794	141.00672955528529	142.77911975254796	144.49982195911221	146.17106473485646	147.79495034048728	149.37346355973534	150.90847979224699	152.40177248655272	153.85501997505258	155.26981176640123	156.64765434489019	157.98997652131118	159.29813437525377	160.57341582477679	161.81704485582205	163.03018544056721	164.2139451710849	165.36937863215118	166.49749053479249	167.59923863014092	168.67553642135994	169.72725568978001	170.75522884992631	171.76025114680874	172.74308270766522	173.7044504592813	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	174.00766942162505	2.52	2.52	620	700	2.9400000000000004	2.9400000000000004	620	700	3.3600000000000003	3.3600000000000003	620	700	3.7800000000000002	3.7800000000000002	620	700	ABUTMENT	0	3.0000000000000001E-3	1.7000000000000001E-2	4.9000000000000002E-2	0.10199999999999999	0.17699999999999999	0.27200000000000002	0.38800000000000001	0.52300000000000002	0.67800000000000005	0.85099999999999998	1.0429999999999999	1.254	1.4830000000000001	1.73	1.996	2.2789999999999999	2.581	2.9	3.2370000000000001	3.5920000000000001	3.9649999999999999	4.3559999999999999	4.7549999999999999	0	0.19	1.98	8.39	21.94	42.53	67.680000000000007	94.78	121.33	146.31	168.86	188.68	206.42	221.71	234.92	246.58	256.88	265.61	273.73	280.5	286.43	291.88	296.52999999999997	297.48	ABUTMENT	0	3.0000000000000001E-3	1.7000000000000001E-2	4.9000000000000002E-2	0.10199999999999999	0.17699999999999999	0.27200000000000002	0.38800000000000001	0.52300000000000002	0.67800000000000005	0.85099999999999998	1.0429999999999999	1.254	1.4830000000000001	1.73	1.996	2.2789999999999999	2.581	2.9	3.2370000000000001	3.5920000000000001	3.9649999999999999	4.3559999999999999	4.7549999999999999	0	0.1197	1.2474000000000001	5.2857000000000003	13.8222	26.793900000000001	42.638400000000004	59.711399999999998	76.437899999999999	92.175300000000007	106.38180000000001	118.86840000000001	130.0446	139.6773	147.99959999999999	155.34540000000001	161.83439999999999	167.33430000000001	172.44990000000001	176.715	180.45090000000002	183.8844	186.81389999999999	187.41240000000002	Secondary Axis	1	1	Pile Cap Displacement [in]
Passive Force [kip]
Passive Force [kN]
Pile Cap Displacement [cm]


TPF Program Standard Quarterly Reporting Format – 7/2011
 
