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PE Civil Structural Exam Prep

Practice Exam 13

100-Question Simulation

NCEES PE Civil - Structural Blueprint

Exam Instructions

This practice exam contains 100 questions simulating the NCEES PE Civil - Structural CBT examination. You have 9 hours.

Domain Topic Area Questions

1 Loads 17

2 Analysis of Forces and Load Effects 25

3 Temporary Structures 7

4 Materials 14

5 Component Design (Structural Elements) 37

Total 100
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PRACTICE EXAM 13 -- QUESTIONS

DOMAIN 1 -- Loads (Q1-Q17)

1. Per ASCE 7-16 Section 12.3.4.2, in Seismic Design Category D, E, or F, the redundancy factor rho equals 1.3 unless

it can be demonstrated that rho=1.0 applies. One condition that permits rho=1.0 is:

A. The structure passes the two-element removal check: no more than 33% story strength loss and no extreme torsional
irregularity from removing any single SFRS element

B. The structure uses exclusively special moment frames or special shear walls throughout every story of the building

C. The structure is located only in SDC D -- SDC E and F always mandate rho=1.3 without exception

D. The design base shear exceeds 10% of the building weight -- high-shear structures qualify for rho=1.0 automatically

2. Per ASCE 7-16 Section 7.6, when snow on a sloped upper roof slides off and accumulates on an adjacent lower roof,

the sliding snow load Cs x 0.4 x pf x lc must be applied. The term lc is:

A. The horizontal width of the upper roof that contributes snow to the sliding accumulation on the lower roof level

B. The horizontal length of the sliding snow accumulation zone on the lower roof -- taken as half the distance from the
eave to the ridge of the upper roof

C. The vertical height difference between the upper roof eave and the lower roof surface

D. The total tributary width of the lower roof receiving sliding snow accumulation from the upper roof

3. Per ASCE 7-16 Section 4.9.1, the roof live load Lr may be reduced for large tributary areas At. For a beam with

At=400 ft2, the reduction factor R1=1.2−0.001xAt. What is the minimum reduced live load Lr (with R1 applied,

R2=1.0)?

A. 20 psf -- the unreduced value applies for all tributary areas

B. 18 psf -- a slight reduction for moderate tributary areas

C. 12 psf -- the minimum allowable roof live load regardless of area

D. 16 psf -- Lr = 20 x R1 x R2 = 20 x 0.8 x 1.0 = 16 psf

4. Per ASCE 7-16 Section 12.4.3.2, when the special overstrength seismic load combination

(1.2D+f1xL+Omega0xQE) is applied to a connection or structural member, the purpose of Omega0 is to ensure that:

A. The element remains fully elastic at the code-level ground motion without any yielding permitted in the element or its
connections

B. The seismic force is divided by the ductility factor to reduce the design demand on non-ductile elements

C. The element remains essentially elastic when the SFRS yields -- Omega0 amplifies the seismic force to the maximum
force the yielding system can deliver to that element

D. Dead load is amplified to account for the overstrength of gravity systems in combination with seismic demands

5. Per ASCE 7-16 Table 12.2-1, a special reinforced concrete moment frame (SRCMF) is one of the highest-ductility

lateral systems and has an R factor of:

A. R = 6 -- for intermediate concrete moment frames

B. R = 7 -- for special concrete moment frames with limited height

C. R = 8 -- the code R for special reinforced concrete moment frames

D. R = 9 -- maximum R permitted for any lateral system

6. Per ASCE 7-16 Section 30.4 (Components and Cladding for low-rise buildings), the design wind pressure on roof

corners (Zone 3) for a low-rise building typically has:

A. Lower magnitude than Zone 1 (interior zone) -- corner pressures are reduced by 3D effects

B. The same magnitude as Zone 2 (edge zone) -- corners and edges are treated identically
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C. Higher positive pressure (uplift) than interior zones -- corners experience less suction than edges

D. The largest magnitude negative (uplift) pressure of all roof zones -- Zone 3 corners experience the highest suction
forces due to wind vortex formation at building corners

7. Per ASCE 7-16 Table 4.3-2, floors in office buildings must be designed for a concentrated live load of _____ in

addition to the distributed live load, placed at the most critical position:

A. 1,000 lb -- the concentrated load for light service corridors and maintenance access ways

B. 2,000 lb -- the standard office floor concentrated load per ASCE 7-16 Table 4.3-2

C. 3,000 lb -- for heavy storage areas with dense filing systems and server rooms

D. 5,000 lb -- for heavy industrial and manufacturing floor applications

8. Per ASCE 7-16 Section 12.3.4.2, the two-element removal test for establishing rho=1.0 requires checking that

removing any single element of the SFRS or any connection thereto does not result in the remaining structure:

A. Losing more than 33% of the story shear strength in the affected direction, or creating an extreme torsional
irregularity

B. Losing any of its gravity load-carrying capacity -- all gravity elements must remain intact

C. Having a natural period that increases by more than 20% -- period sensitivity is the governing criterion

D. Requiring more than 10% additional story drift -- the drift limit controls the redundancy check

9. Per ASCE 7-16 Section 12.10.2.1, collector (drag) elements in SDC C through F must be designed for the special

seismic load combination using Omega0. This requirement exists because:

A. Collectors are expected to remain elastic while the diaphragm and SFRS yield -- Omega0 ensures the critical load
path can deliver force to the lateral elements under maximum seismic demands

B. Collectors directly support gravity loads from multiple floors -- the Omega0 factor amplifies dead and live loads for
collector design

C. Collectors are always the weakest element in any lateral system and require additional capacity beyond normal
seismic design

D. ASCE 7-16 applies Omega0 to all structural elements in SDC D, E, and F without exception

10. Per ASCE 7-16 Table 4.3-1, the minimum live load for a rooftop greenhouse (occupied, heated, with plants and

workers) is:

A. 20 psf -- the reduced roof live load for large tributary areas of light-use roof structures

B. 40 psf -- the live load for general office and light-assembly occupancies above ground level

C. 60 psf -- the live load for greenhouse and conservatory occupancies per ASCE 7-16 Table 4.3-1

D. 100 psf -- the same as public access corridors and pedestrian bridges

11. Ponding instability on a flat roof occurs when accumulated rainwater deflects the roof, creating deeper ponding that

further deflects the roof in a progressive manner. Per ASCE 7-16 Section 8.4, ponding stability must be checked when

the roof slope is less than _____ in/ft:

A. 1/8 in/ft -- the minimum slope recommended by roofing manufacturers

B. 1/4 in/ft -- the ASCE 7-16 threshold below which ponding stability must be explicitly checked

C. 1/2 in/ft -- minimum slope required by most building codes

D. 1 in/ft -- a conservative slope threshold for ponding stability

12. Per ASCE 7-16 Section 4.9.2, the vertical impact factor for a pendant-operated bridge crane (controlled by an

operator standing on the floor, not in a cab) is _____ of the maximum wheel load:

A. 10% -- the lateral crane runway force component from side effects during crane travel

B. 20% -- an intermediate impact factor for overhead bridge cranes with limited operating speed

C. 25% -- only for cab-operated bridge cranes; pendant cranes use a different factor

D. 25% -- ASCE 7-16 Table 4.9-1 assigns 25% vertical impact for pendant-operated bridge cranes, equal to cab-operated
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13. Per ASCE 7-16 Section 12.12.1, the design story drift Delta is computed as the difference in the amplified lateral

displacements δx=Cdxδxe/Ie between adjacent floors. For δxe (elastic analysis displacement) =0.80 in at the roof,

Cd=5.5, and Ie=1.0, what is the design displacement δx at the roof?

A. 4.4 in -- amplified design displacement

B. 3.3 in

C. 2.2 in

D. 5.5 in

14. Per ASCE 7-16 Section 26.5.2, the ground elevation factor Ke accounts for the reduction in air density and wind

pressure at high elevations above sea level. For a site at sea level, Ke is:

A. Ke = 0.80 -- sea level sites use a conservative reduced factor

B. Ke = 1.10 -- sea level has the highest air density and thus the highest wind pressure factor

C. Ke = 1.15 -- a marginal increase above the standard value for coastal sites

D. Ke = 1.00 -- no adjustment for sites at or near sea level; adjustments are only for sites above sea level where air
pressure is lower

15. Per ASCE 7-16 Table 4.3-1, the minimum live load for occupied mechanical equipment rooms (containing air

handlers, chillers, boilers) is:

A. 40 psf -- standard office occupancy

B. 125 psf -- mechanical equipment rooms with heavy rotating equipment

C. 200 psf -- heavy equipment storage floors

D. 100 psf -- the live load for mechanical rooms per ASCE 7-16

16. Per ASCE 7-16 Section 2.4.1, the ASD load combination for gravity loads including snow S is D+S. The

combination factor applied to S in the ASD approach is:

A. 1.0 -- snow load at full intensity is always used in the ASD gravity combination without reduction

B. 0.7 -- the ASD factor applied to snow load when combined with dead load in the ASCE 7-16 ASD format

C. 0.6 -- when snow acts in combination with simultaneous wind load demands

D. 1.3 -- an amplified factor applied when snow is the primary controlling variable load

17. Per ASCE 7-16 Section 12.8.4.3, the accidental torsional moment Mta for structures with diaphragm irregularity in

SDC C through F is amplified by a factor Ax. The amplification factor Ax is computed based on:

A. The seismic base shear V and the building's period T -- longer periods require higher torsional amplification

B. The eccentricity between the center of mass and the center of rigidity -- large eccentricities trigger amplification

C. The ratio of maximum story drift to 1.2x the average story drift -- when the maximum exceeds 1.2x average, Ax>1.0

D. The ratio of maximum story drift to 1.2x the average story drift -- Ax=[δmax/(1.2xδavg)]2 per ASCE 7-16 Eq.
12.8-14

DOMAIN 2 -- Analysis of Forces and Load Effects (Q18-Q42)

18. For a simply supported beam (span L=20 ft=240 in, EI=29,000x300 kip-in2), carrying a concentrated load P=20

kips at a=8 ft from the left (b=12 ft), the deflection at x=6 ft from the left using δ(x)=Pbx(L2−b2−x2)/(6LEI) (valid for

x<=a) is:

A. 0.524 in

B. 0.312 in

C. 0.756 in

D. 0.180 in
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19. A hollow rectangular section has an outer dimension of 8 in x 12 in and an inner void of 6 in x 10 in. The moment

of inertia about the strong (horizontal) axis through the centroid is Ix=(8x123−6x103)/12:

A. 480 in4

B. 576 in4

C. 652 in4

D. 728 in4

20. For a two-span continuous beam (each span L) under a triangular (linearly varying) load that is zero at the left

support and maximum w0 at the interior support, the three-moment equation involves additional load integrals that

depend on the load shape. The effect of concentrating more load near the interior support B is that the moment at B is:

A. Zero -- triangular loads on two-span continuous beams produce no interior support moment by the three-moment
equation

B. Smaller than for a uniform load of the same peak intensity -- the smaller average load reduces the support moment

C. Identical to the moment from a uniform load of the same average intensity as the triangular load

D. Greater than for a UDL of the same peak intensity -- the triangular load concentrated near the interior support
amplifies the moment at B

21. For a portal frame (pinned bases, fixed beam-column connections), the horizontal deflection at the beam level due

to a lateral force H can be found by virtual work. The virtual moment m in the frame members due to a unit horizontal

force at the beam level is used to compute:

A. The axial deformation of the columns only -- virtual work for frames considers only column axial forces

B. δ = ∫Mxm/(EI)dx summed over all members where M is the real moment and m is the virtual unit-load moment --
both column and beam contributions are included

C. The reactions at the pinned bases only -- the base reactions of the virtual frame give the lateral stiffness

D. Only the beam moment -- pinned base columns carry no bending, so only the beam contributes to deflection

22. A steel cantilever column (fixed at base, free at top) has height L=10 ft=120 in and EI=29,000x200 kip-in2. The

lateral stiffness k=3EI/L3. What is k?

A. 8.05 kip/in

B. 6.72 kip/in

C. 10.07 kip/in

D. 12.10 kip/in

23. For a channel section (C-shape) with flanges of width b and web height d, the shear center is located:

A. At the centroid of the cross-section -- the shear center and centroid always coincide for singly symmetric sections

B. At the web centerline -- the web carries most of the shear, making the web centerline the shear center

C. On the outside of the web, equidistant from the centroid as the shear center of the equivalent open section

D. At a distance from the web face into space outside the section -- for a C-channel, the shear center is always located
outside (to the open side) of the web, away from the flanges

24. The influence line for the bending moment at the midspan of a simply supported beam (span L) has the shape of:

A. A triangle with apex of L/4 at midspan when the unit load is also at midspan -- the maximum midspan moment occurs
when the load is at midspan

B. A parabola with maximum value at the midspan of the beam -- the midspan IL is always a parabola

C. A rectangle with uniform value of L/4 -- midspan moment equals L/4 everywhere

D. Two straight lines from zero at each support to a maximum at L/3 from each end

25. For a stress state sigmax=8 ksi, sigmay=2 ksi, tauxy=4 ksi, using Mohr's circle, the radius R of the circle is:

A. 3 ksi -- the half-difference (sigmax−sigmay)/2 = (8−2)/2 = 3 ksi, which is only the horizontal distance from center to
point
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B. 5 ksi -- R = sqrt(((sigmax−sigmay)/2)2 + tauxy2) = sqrt(32 + 42) = 5 ksi

C. 4 ksi -- the applied shear stress alone, not the Mohr's circle radius

D. 7 ksi -- the sum of the average stress and the shear stress, an incorrect combination

26. For a column fixed at the base and free at the top (flagpole column), the effective length factor is K=2.0. For

EI=29,000x150 kip-in2 and L=12 ft=144 in, the Euler critical load Pcr=pi2EI/(KL)2 is:

A. 518 kips

B. 722 kips

C. 345 kips

D. 1,036 kips

27. In the direct stiffness method, adding a rotational spring (stiffness ktheta) at a joint modifies the global stiffness

matrix by:

A. Adding ktheta only to the off-diagonal terms -- springs modify coupling stiffness between translation and rotation

B. Subtracting ktheta from the diagonal rotational term -- the spring actually reduces rotational resistance

C. Multiplying the existing diagonal rotational stiffness term by the factor ktheta/(ktheta+k_existing)

D. Adding ktheta directly to the diagonal term of the rotational DOF at that joint in the global stiffness matrix

28. In the force method, the choice of primary structure (released structure) for an indeterminate frame determines the

number and type of compatibility equations. The optimal primary structure should be:

A. The complete original frame with all supports -- no releases needed

B. The simplest statically determinate, stable structure obtainable by releasing internal forces or support reactions --
minimizes the size of the flexibility matrix and simplifies the load analysis

C. A mechanism -- an unstable structure allows the compatibility equations to be trivially satisfied

D. Always a simply supported beam -- the force method only works for beam-like structures

29. In plastic analysis, the plastic hinge rotation capacity thetap must exceed the required rotation at collapse (the

rotation demand from the mechanism). For seismic design, the rotation capacity is critical because:

A. Sufficient rotation capacity ensures the full collapse mechanism develops -- members with adequate ductility allow
redistribution to the design mechanism without premature fracture at any plastic hinge

B. High rotation capacity raises the yield moment -- members with more ductility develop higher plastic moments

C. All structural materials including concrete have essentially infinite plastic rotation capacity -- ductility never limits
the mechanism

D. Plastic rotation capacity governs only gravity load design -- seismic loads use elastic analysis without plastic
mechanism checks

30. The ACI 318-14 moment magnification factor δns for a non-sway frame slender column is

δns=Cm/(1−Pu/(0.75Pc)). For Cm=1.0, Pu=200 kips, and 0.75Pc=600 kips, what is δns?

A. 1.25 -- a modest magnification for lightly loaded columns with small Pu/Pc ratio

B. 1.10 -- virtually no magnification needed for very small axial load relative to buckling load

C. 1.40 -- intermediate magnification for columns near the transition from short to slender behavior

D. 1.50 -- 1.0/(1−200/600)=1.0/0.667=1.5

31. For a three-hinged parabolic arch (span L=80 ft, rise f=20 ft) under a UDL w=3 kip/ft on the LEFT half of the span

only, the horizontal thrust H is NOT equal to wL2/(8f) because:

A. The arch is not parabolic -- this formula only applies to circular arches

B. The thrust formula wL2/(8f) applies only to uniform load on the full span -- for partial loading, H must be computed
from equilibrium using the three-moment condition at the crown hinge

C. Three-hinged arches cannot resist partial UDL -- only full-span loading is permitted

D. The formula applies only to cable structures, not arches
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32. For a propped cantilever (fixed at A, roller at B, span L=24 ft, EI=constant) under a uniform load w=2 kip/ft, the

deflection at midspan (x=L/2) can be found from the elastic curve or superposition. The midspan deflection is

approximately:

A. wL4/(185EI) -- a standard propped cantilever midspan formula

B. wL4/(192EI) -- the fixed-fixed midspan deflection (not propped cantilever)

C. 5wL4/(384EI) -- the SS beam midspan deflection

D. wL4/(185EI) is approximate; the exact value at x=L/2 is δ_mid ~ wL4/(185EI)

33. In a two-way flat slab floor system, the tributary area for flexural design in the column strip in one direction (for

computing design moments using the Direct Design Method) is:

A. The full bay width l2 times the span l1 -- the entire panel area

B. The full span length l1 times the column strip width (0.5l2 + 0.25l2 = 0.75l2 per ACI definition)

C. The column strip width (0.5l2 minimum) times the full span length l1 -- this is the design strip for the column strip

D. l2 times half the spans on each side -- the full l2 width times total span l1

34. In a high-rise reinforced concrete building, column shortening from axial deformation and creep under sustained

loads causes differential vertical deformation between the core shear walls and the perimeter columns. The primary

concern from this differential shortening is:

A. Foundation bearing capacity failure -- differential column shortening overloads the foundation system under gravity
loads

B. Lateral instability -- the differential vertical movement induces second-order lateral effects that destabilize the
building

C. Redistribution of gravity moments into horizontal floor framing and facade -- beams rigidly connecting columns to
walls develop bending from differential shortening

D. Seismic period shift -- column shortening changes the distribution of lateral stiffness, altering the fundamental period

35. Per ACI 318-14 Section 6.6.5.3, moment redistribution in continuous beams allows the designer to reduce the

maximum factored negative moment by up to 1000epsilont percent (where epsilont is the net tensile strain at nominal

strength), provided epsilont>=0.0075 and the section is tension-controlled. For a beam with epsilont=0.0100, the

maximum negative moment reduction is:

A. 10% -- 1000x0.0100=10%

B. 7.5% -- the maximum redistribution regardless of epsilont

C. 20% -- the maximum permitted redistribution

D. 1000xepsilont=0.01% -- a very small reduction for design purposes

36. For a multi-story symmetric building, the first (fundamental) mode shape in the lateral direction is characterized by:

A. All floors moving in the same direction -- no change of sign from ground to roof

B. A smooth curve with all floors moving in the same direction and displacements increasing from zero at the base to
maximum at the roof

C. Alternating floors moving in opposite directions -- a characteristic of higher mode shapes, not the first mode

D. Zero displacement at both the base and roof with a maximum at midheight -- the first mode has a node at mid-height

37. The Boussinesq solution for vertical stress sigmaz below a point load Q at depth z and horizontal distance r is

sigmaz=3Qz3/(2pi(r2+z2)^2.5). The load-spreading concept from this equation shows that:

A. Stress concentration increases with depth -- deeper points receive more stress per unit area

B. Stress spreads horizontally with increasing depth -- for a given load, the stress bulb widens as depth increases,
distributing load over a larger area

C. Stress is constant at any depth regardless of horizontal distance r

D. Vertical stress equals horizontal stress at all depths below a point load
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38. For a two-span continuous beam (spans L1=18 ft and L2=24 ft) with a uniform load w=2 kip/ft on span L1 only

(span L2 unloaded), the reaction at the interior support B by the three-moment equation is:

A. R_B = 8.5 kips -- the reaction if both spans were loaded with the same w and L

B. R_B = 12.4 kips -- a typical interior support reaction for a loaded left span with no right span load

C. R_B = 16.9 kips -- from the three-moment equation for unequal spans (18 and 24 ft) with load on left span

D. R_B = 22.1 kips -- the reaction if the full loaded span reaction were directed to the interior support

39. In the Winkler foundation model, the soil is represented by a series of independent springs with modulus of

subgrade reaction ks (force/length3). The spring force per unit area is q=ksxδ where δ is the settlement. The main

limitation of the Winkler model is:

A. It assumes uniform settlement everywhere across the foundation -- the Winkler model forces equal settlement under
equal stress

B. The independent spring assumption ignores soil shear stiffness -- adjacent springs cannot share load, unlike real soil
where stress spreads laterally

C. The model consistently overestimates settlement -- Winkler always predicts more settlement than is measured in the
field

D. The Winkler model only applies to clay soils -- it is fundamentally inapplicable to sand and gravel foundations

40. For a W12x40 (bf=8.01 in, tf=0.515 in, d=11.94 in, tw=0.295 in), the St. Venant torsional constant J=Σ(b_ixt_i3/3)

for the four plate elements (two flanges + one web, simplified) is approximately:

A. 0.82 in4 -- computed from J=2(bfxtf3/3)+((d−2tf)xtw3/3)

B. 0.54 in4

C. 1.08 in4

D. 2.46 in4

41. For a two-story frame analyzed by modal superposition (response spectrum analysis), combining the maximum

modal responses uses SRSS or CQC. The CQC (Complete Quadratic Combination) method is preferred when:

A. The structure has only two modes -- all two-mode structures require CQC regardless of frequency spacing

B. The structure is perfectly symmetric and all story heights are equal throughout the building

C. The structure is subjected to a pulse load rather than broad-band earthquake ground motion

D. Modal frequencies are closely spaced (within about 15%) -- CQC accounts for inter-modal correlation significant
when modes cannot be treated as uncorrelated

42. Using the conjugate beam method to find the slope at the interior support of a two-span continuous beam (equal

spans, uniform load on both spans), the conjugate beam for the two-span continuous case has:

A. Both end supports replaced by fixed supports -- the conjugate beam is also fixed at both ends

B. Roller supports at the positions of real beam pins, and pin supports where real beam has rollers

C. A free end at the interior support (where the real beam has a moment/slope that are not zero) and fixed ends at the
outer supports

D. The same support conditions as the real beam -- continuous beam conjugates are identical to the original

DOMAIN 3 -- Temporary Structures (Q43-Q49)

43. Per ACI 318-14 Section 26.5.6.2, a cold joint (an unintended interruption in concrete placement) can reduce

structural capacity because:

A. Cold joints create a plane of zero bond -- they are always a structural defect that eliminates all load transfer between
lifts

B. Laitance and degraded surface can develop on the first lift, creating a weak plane with reduced shear, tension, and
bond unless removed before placing the next lift
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C. Cold joints affect only durability and waterproofing -- structural capacity in compression and shear is unaffected by
cold joints

D. Cold joints are acceptable in all structures outside of SDC D through F -- seismic zones are the only concern

44. Shotcrete (sprayed concrete) is used in construction for tunnel linings, slope stabilization, and repair of concrete

structures. The wet-mix process for shotcrete:

A. Mixes all materials except water at the nozzle -- water is added at the point of application

B. Pre-mixes concrete (including water) in a transit mixer before pneumatically spraying -- the mix is batched
conventionally, then pumped and accelerated at the nozzle

C. Does not use accelerator admixtures -- only dry mix shotcrete uses accelerators

D. Cannot be used for overhead applications because the wet mix is too heavy to adhere

45. Per OSHA 29 CFR 1926 Subpart Q and standard industry practice, when erecting shores (adjustable steel shores,

Symons-type) under concrete formwork, the maximum compressive load per shore is limited to the:

A. Manufacturer's rated capacity -- each shore manufacturer provides a load table based on extension length and
cross-section, and the shore must not exceed this rated capacity

B. 50 kips maximum regardless of shore size -- a universal OSHA limit for all temporary shoring

C. The weight of the concrete form directly above the shore only -- not the total multi-story load

D. 1,000 lb/in2 on the base plate bearing area -- a contact stress limit governs all shores

46. Per ACI 347R-14, chamfer strips (beveled form inserts) are placed in formwork at exterior corners of concrete

members primarily to:

A. Chamfer strips eliminate the sharp 90° corner prone to chipping and spalling during stripping or service -- the bevel
reduces stress concentration and improves edge durability

B. Chamfer strips increase the form contact area between the form and concrete, improving the bond between successive
concrete lifts

C. Chamfer strips serve as alignment guides for positioning the next level of formwork panels during floor-to-floor
construction

D. Chamfer strips prevent concrete paste leakage at form joint intersections -- they act as primary waterproofing seals

47. Per OSHA 29 CFR 1926.953, when handling a concrete bucket (clamshell or orange-peel) suspended from a crane,

workers:

A. May stand inside the bucket when it is elevated above 6 ft -- a common practice for inspection

B. Must never be located under a suspended load -- workers must stay clear of the load path and the swing radius during
crane operations involving concrete buckets

C. May position themselves adjacent to the bucket during discharge -- only the bucket's immediate discharge area is
restricted

D. May guide the bucket to final placement position while standing under the crane boom

48. Per ACI 347R-14, when tilt-up concrete panels are lifted from the casting slab, the critical structural condition for

the panel during lifting is:

A. Compressive stress from self-weight -- the panel is at risk of Euler buckling during the lifting operation

B. Shear along the panel base where the bond between panel and casting slab is strongest before cracking

C. Flexural tension at and between lift points -- bending stresses from gravity can exceed concrete tensile strength if
embed spacing and locations are not properly engineered

D. Bond failure at the casting slab -- the full panel-to-slab bond must be broken uniformly before lifting can begin

49. Per ASTM D5084, the falling-head permeability test is appropriate for:

A. Cohesionless soils (sand, gravel) with high hydraulic conductivity -- the falling head allows rapid measurement
before reaching steady state
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B. Consolidated clays and fine-grained soils with low hydraulic conductivity (k < 10■4 cm/s) -- the falling head method
is practical for less permeable materials where achieving steady-state flow is difficult

C. Rock cores only -- the falling head test is specifically designed for testing rock permeability

D. On-site field testing only -- the falling head test cannot be performed on remolded laboratory specimens

DOMAIN 4 -- Materials (Q50-Q63)

50. Portland cement Type III (High Early Strength) is used in applications requiring:

A. Low heat of hydration for mass concrete and large foundations where thermal cracking is a concern

B. High sulfate resistance for underground structures and concrete in contact with sulfate-rich soils or groundwater

C. Strength at 3 days comparable to Type I at 28 days -- suited for precast concrete, cold-weather work, and rapid
return-to-service applications

D. Extended set time to allow placement in hot weather without slump loss

51. ASTM A706 Grade 60 reinforcing bars differ from ASTM A615 Grade 60 in that A706:

A. A706 has higher tensile strength Fu -- it was developed specifically to maximize breaking strength beyond A615

B. A706 has controlled Fy/Fu <= 0.80, guaranteed upper bound on Fy <= 1.25Fyn, and controlled elongation for seismic
ductility requirements

C. A706 cannot be welded -- the controlled chemistry increases the carbon equivalent and makes all welding prohibited

D. A706 is mandatory in all seismic zones from SDC A through F -- A615 bars are prohibited in all seismic applications

52. Per NDS 2018 Supplement Table 12.3.3, the specific gravity G for Spruce-Pine-Fir (SPF) -- the most widely used

framing lumber in North America -- used in fastener design calculations is:

A. G = 0.50 -- the Douglas Fir-Larch value

B. G = 0.35 -- an extremely low value for structural applications

C. G = 0.55 -- Southern Yellow Pine specific gravity

D. G = 0.42 -- the NDS tabulated specific gravity for Spruce-Pine-Fir used in connector calculations

53. Per NDS 2018 Table 4A, the incising factor Ci for visually graded dimension lumber that has been incised

(punctured) for pressure preservative treatment reduces the bending design value Fb by:

A. 5% -- a minor reduction for treatment penetration

B. 15% -- moderate reduction for deeper incisions in dense species

C. 20% -- the required reduction for typically incised dimension lumber

D. 80% -- Ci=0.80 means 20% reduction; Fb is multiplied by Ci=0.80 when lumber is incised for treatment

54. In structural concrete, the distinction between entrapped air and entrained air is important for durability design.

Entrained air (from air-entraining admixtures) differs from entrapped air by:

A. Size and distribution -- entrained air bubbles are very small (0.004-0.04 in diameter) and uniformly distributed,
providing freeze-thaw protection through hydraulic pressure relief; entrapped air consists of larger, randomly distributed
voids that do not provide freeze-thaw protection

B. Chemical composition -- entrained air contains nitrogen while entrapped air is oxygen

C. Effect on compressive strength -- entrained air increases strength while entrapped air decreases strength

D. Location in the mix -- entrained air rises to the surface during finishing while entrapped air remains in the interior

55. Per ASTM C150, Type V Portland cement provides maximum resistance to sulfate attack because it has:

A. Very low C3A content (<=5%) -- minimizing tricalcium aluminate reduces the formation of ettringite from sulfate
attack

B. High C3S content -- tricalcium silicate forms a dense, impermeable hydration product resistant to sulfate penetration

C. An incorporated pozzolanic component -- fly ash or slag blended during manufacturing provides the sulfate resistance
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D. Maximum C3A content of 15% -- a moderate limit for light sulfate exposure conditions only

56. Per NDS 2018 Section 3.7, the column stability factor Cp adjusts the reference compression design value F'c for

buckling. For a Douglas Fir-Larch 6x6 post (F_c=1,150 psi, E'_min=580,000 psi, unsupported height Lu=12 ft), Cp is

computed using the interaction formula. The key input ratio is:

A. fc/Fc -- the ratio of actual stress to allowable compression stress parallel to grain

B. Lu/d -- the slenderness ratio using the post dimension d and unsupported length Lu

C. FcE/F*c -- the ratio of critical buckling stress to reference compression value, used with
Cp=((1+FcE/F*c)/2c)−sqrt(((1+FcE/F*c)/2c)2−(FcE/F*c)/c) formula

D. Fc/E'min -- the modulus ratio that scales the column stability

57. Per ASTM D2487, organic soils are identified by their dark color and organic odor, but the definitive classification

criterion is:

A. The Plasticity Index PI > 30 -- high PI indicates organic content

B. The liquid limit LL > 50 after oven-drying -- if the oven-dried LL is less than 0.75 times the original LL, the soil is
classified as organic

C. The liquid limit after oven-drying is less than 75% of the liquid limit before oven-drying -- organic matter is
destroyed by oven-drying, reducing the LL

D. The dry density is less than 50 pcf -- low density indicates high organic content

58. ASTM A913 (QST -- Quenched and Self-Tempered) structural steel is produced by a controlled cooling process

that provides:

A. High yield strength (Fy up to 70 ksi) while maintaining low carbon equivalent (CEQ), enabling improved weldability
without preheat for most structural thicknesses

B. Galvanizing resistance -- the QST process creates a surface that resists zinc adhesion in hot-dip galvanizing

C. Corrosion resistance equivalent to ASTM A588 weathering steel in industrial atmospheric environments

D. Lower yield strength with improved ductility -- QST achieves better elongation at the cost of reduced yield stress

59. Per ACI 116R-00, the maximum permissible temperature differential in mass concrete (to prevent thermal cracking

from the differential between the core temperature and the surface temperature) is:

A. 25°F (14°C) -- the most restrictive mass concrete temperature differential limit for thin sections

B. 50°F (28°C) -- a lenient limit used only for mass concrete in tropical climates

C. 20°C (36°F) -- a common European standard temperature differential limit for mass concrete

D. 35°F (19°C) -- the ACI guideline maximum temperature differential between concrete core and surface to prevent
thermal cracking

60. Per ASTM A653, galvanized steel sheet with G90 coating designation has a minimum total (both sides combined)

zinc coating weight of:

A. 0.60 oz/ft2 -- a light industrial coating designation used for indoor structural applications

B. 0.90 oz/ft2 -- the G90 coating weight (both sides combined) for structural decking and HVAC ductwork

C. 1.25 oz/ft2 -- the heavier G125 coating for aggressive indoor or light outdoor environments

D. 2.35 oz/ft2 -- approaching the coating weight of ASTM A123 for fasteners and hardware

61. Per NDS 2018 Section 11.2.3, the allowable withdrawal design value W' for a lag screw (in the main member side

grain) is adjusted by CDCMCtCeg. For a 5/8-in diameter lag screw in Douglas Fir-Larch (G=0.50), the reference

withdrawal design value W per inch of thread penetration from NDS Table 11.2A is approximately:

A. 250 lb/in penetration -- the withdrawal value for a smaller 1/2-in lag screw in the same species

B. 310 lb/in penetration -- an intermediate value for a 5/8-in lag screw in a lower specific gravity species

C. 405 lb/in penetration -- the NDS Table 11.2A value for 5/8-in lag screw in Douglas Fir-Larch (G=0.50)

D. 180 lb/in penetration -- the withdrawal value for SPF lumber with the same 5/8-in lag screw
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62. Per TMS 402-16 Section 1.4.6, unit masonry prism testing is the standard method for verifying the specified

compressive strength f'm. Prism testing requires:

A. A minimum of 6 prisms -- two from each day of production, averaged for the design value

B. The prism height-to-thickness ratio h/t must be between 1.3 and 5.0, with strength corrected to an h/t=2 basis using
the standard ASTM C1314 correction factor

C. Testing at 3 and 7 days -- prism strength must reach 90% of f'm by 7 days for accepted construction

D. At least 3 prisms sampled from completed masonry -- they must be extracted by coring, not cast separately

63. In a mechanically stabilized earth (MSE) wall, the geogrid reinforcement carries tensile load through two

mechanisms:

A. Passive resistance against the ribs perpendicular to the load direction, plus direct sliding friction on the longitudinal
bars along the load direction -- both mechanisms develop pullout resistance

B. Compression along the ribs -- geogrids carry wall loads in compression through the granular fill

C. Vertical soil arching between layers -- geogrid induces stress concentration by arching

D. Thermal expansion of the polymer -- geogrid elongates under temperature and transfers prestress to the wall

DOMAIN 5 -- Component Design (Q64-Q100)

64. For a prestressed concrete beam (A=400 in2, S=800 in3, P=500 kips, e=8 in about the centroid) at transfer (before

losses, no external moment), the stress at the top fiber is:

A. f_top = P/A − Pe/S = 500/400 − 500x8/800 = 1.25 − 5.0 = −3.75 ksi (compression at the top)

B. f_top = P/A + Pe/S = +6.25 ksi -- the bottom fiber stress, not the top fiber

C. f_top = −P/A + Pe/S = +3.75 ksi -- an incorrect sign for the concentric compression term

D. f_top = −P/A − Pe/S = −6.25 ksi -- prestress incorrectly applied with opposite eccentricity sign

65. Per ACI 318-14 Section 6.6.4.5.2, the moment magnification factor δns=Cm/(1−Pu/(0.75Pc)) must be >=1.0. For

Cm=1.0, Pu=200 kips, and 0.75Pc=600 kips, what is δns?

A. 1.0 -- no magnification needed when Pu is small

B. 1.5 -- the magnification factor for these conditions

C. 2.0 -- severe magnification for highly loaded columns

D. 1.33 -- the magnification for Pu=0.5Pc condition

66. Per ACI 318-14, for a spiral reinforced concrete column, the phi factor is higher (phi=0.75) than for a tied column

(phi=0.65) because:

A. Spiral columns develop more plastic rotation capacity -- the confining spiral provides ductility after cover spalling,
allowing load redistribution without sudden failure

B. Spiral columns are always shorter than tied columns, reducing slenderness effects

C. The spiral reinforcement increases the nominal axial strength above the tied column value

D. phi=0.75 is used for all columns in ACI 318-14 -- tied columns also use phi=0.75

67. Per ACI 318-14 Section 22.4.2, the maximum nominal axial capacity of a spiral column is

phiPn,max=0.85phi[0.85f'c(Ag−Ast)+fyAst] where the 0.85 factor (instead of 0.80 for tied) reflects the greater

confined ductility of spiral columns. For f'c=5 ksi, fy=60 ksi, Ag=pix102=314 in2, and Ast=8in2, what is phiPn,max

(phi=0.75)?

A. 986 kips

B. 845 kips

C. 1,135 kips -- 0.85x0.75x(0.85x5x(314−8)+60x8)=0.85x0.75x(1301+480)=1,135 kips

D. 755 kips
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68. Per ACI 318-14 Section 15.4.2, the critical section for flexural design of a retaining wall stem (cantilever wall) is at

the base of the stem. The design moment for the stem reinforcement includes:

A. The active earth pressure moment about the base of the stem -- for a triangular pressure distribution,
M=KaxgammaxH3/6 at the base

B. The horizontal water pressure acting on the stem face

C. The passive pressure from the soil on the front of the wall -- passive pressure reduces the design moment

D. Both active earth pressure and water pressure (if present) factored by the appropriate ASCE 7-16 load factors -- H
load factor = 1.6

69. Per ACI 318-14 Section 25.3.1, the standard 135° hook (seismic stirrup hook) is required in special moment frame

confinement reinforcement because:

A. The 135° hook engages the concrete core after cover spalling during seismic events -- providing reliable anchorage in
the confined concrete core rather than in the vulnerable cover concrete

B. The 135° hook is easier and less expensive to fabricate in the shop than a standard 90° hook

C. ACI 318-14 prohibits 90° hooks for all structural applications in any seismic design category

D. The 135° hook increases stirrup shear capacity by 25% compared to a 90° hook end condition

70. Per AISC 360-16 Appendix 6 (structural integrity), the minimum tying force required for a connection to provide

structural integrity (robustness) is typically governed by:

A. The connection force demand from supported gravity loads at the design load level -- standard ASD or LRFD forces
govern tie design

B. A minimum factored tie force of 10 kips or 5% of the factored supported gravity load, whichever is greater, per AISC
structural integrity requirements

C. The seismic demand computed from the equivalent lateral force procedure for the connection's tributary mass

D. The blast overpressure from the accidental event times the tributary area of the connected member

71. Per AISC 360-16 Table B4.1b, a W-shape flange is classified as SLENDER for flexure when bf/(2tf) exceeds the

limit lambdarf=1.0sqrt(E/Fy). For Fy=50 ksi:

A. lambdarf = 13.5 -- the compact flange limit

B. lambdarf = 9.15 -- the non-compact flange limit

C. lambdarf = 24.1 -- the flange is slender above this ratio

D. lambdarf = 15.9 -- the slender flange limit at 1.0sqrt(E/Fy) for Fy=50 ksi

72. For an eccentrically loaded bolt group in shear (bolts in a vertical line, direct shear V plus moment M=Vxe), the

instantaneous center of rotation (ICR) method finds the instantaneous center such that:

A. The sum of bolt forces equals zero -- equilibrium in the vertical direction only

B. The sum of horizontal bolt forces equals the applied shear V

C. The sum of moment of bolt forces about the applied load line is zero -- a single equilibrium condition

D. All three equilibrium equations (ΣFx=0, ΣFy=0, ΣM=0) are satisfied simultaneously -- the ICR location is found by
satisfying complete equilibrium of the bolt group and the applied eccentric shear

73. Per AISC 360-16 Section J9, an anchor rod in tension (in a column base plate connection) must be designed for the

combined effects of bolt tension and concrete breakout. The anchor design must satisfy:

A. The tensile strength of the anchor rod (Nsa), the concrete breakout strength (Ncb), and the concrete pullout strength
(Npn) -- the governing (minimum) of these three must be checked

B. Only the anchor rod tensile strength -- concrete breakout is checked separately per ACI 318

C. The applied tension being less than 20 kips -- AISC limits base plate anchor tension to 20 kips per bolt

D. The base plate bearing stress only -- anchor rods do not carry tension in properly designed base plates
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74. In composite beam construction, during the concrete placement stage (before the deck is composite with the steel),

the steel beam must support the weight of the wet concrete plus construction loads without composite action. The

critical design condition for the steel beam at this stage is:

A. Lateral-torsional buckling of the steel beam under the wet concrete load -- before any shear connectors are activated,
LTB of the non-composite steel section governs

B. Compression in the bottom flange -- the wet concrete load causes compression, not tension

C. Shear yielding -- the wet concrete shear force exceeds the web shear capacity

D. Concrete crush during placement -- the green concrete self-weight causes early crushing

75. Per AISC 360-16 Section J2.1, a Complete Joint Penetration (CJP) groove weld is preferred over a Partial Joint

Penetration (PJP) groove weld when:

A. The connection must carry full tension, reversed cyclic tension-compression, or is in a demand-critical seismic
connection -- CJP provides the full plate tensile capacity without the reduced throat limitation of PJP

B. Only compression is applied -- CJP is used exclusively for compressive connections

C. The welder has limited skill -- CJP is easier to execute than PJP in the field

D. The connection must resist lateral loads -- PJP is adequate for gravity loads only

76. Per NDS 2018 Section 3.9.1, the combined tension and bending interaction equation (ft/F't)2+(fb/F'b)<=1.0 uses a

squared tension term because:

A. Tension in wood always governs over bending -- the square amplifies the lower tension stress

B. The equation was calibrated to test data and the squared tension term reflects the observation that wood fails in
combined tension-bending at a combination less severe than the linear sum would predict

C. The NDS equation is dimensionally inconsistent -- the square corrects the units

D. Tension failure in wood is abrupt while bending failure is gradual -- the quadratic tension term and linear bending
term reflect the different failure mode characteristics

77. Per AF&PA SDPWS 2021, the unit shear in a wood structural panel (plywood or OSB) shear wall is computed as v

= V/(B) where V is the total applied lateral shear force and B is the:

A. Full plan length of the building in the direction of loading

B. Length of the shear wall panel times the number of panels in the wall line

C. Effective length of the shear wall (the sum of lengths of individual shear wall segments that meet minimum aspect
ratio requirements)

D. Width of the individual shear wall panel between hold-downs

78. Per TMS 402-16 Section 8.3.4.2, the allowable shear stress in an unreinforced masonry wall (ASD, for in-plane

shear without diagonal tension reinforcement) is limited to the lesser of:

A. 30 psi, 0.65Fv, or 0.2P/An -- three independent limits that all must be satisfied

B. 37 psi -- the single allowable shear stress regardless of masonry type

C. Fv = (1/3)sqrtf'm + 0.45(N/Av) but not exceeding the lesser of 80 psi or 0.5f'm -- two upper limits apply

D. Fv = 0.25sqrtf'm for all unreinforced masonry shear walls

79. Per TMS 402-16 Section 5.2.3, bond beams in reinforced masonry must be provided at specific locations. A bond

beam is required at:

A. Every course -- all horizontal masonry joints must include bond beam reinforcement

B. Every 4 ft of wall height -- a practical spacing for bond beams in reinforced masonry

C. Every opening, at floor and roof levels, at the top of each story, and at the top of all walls -- these are the minimum
required locations per TMS 402-16

D. At the top of the wall only -- a single bond beam at the wall top is the TMS 402-16 minimum
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80. For a 4-pile cap (18-in square piles at 3.5-ft spacing, column load P=600 kips), the critical one-way shear section in

the pile cap is located at distance d from the column face. If d=20 in and the column is 18x18 in:

A. At 1.0 ft from the column centerline -- a rough estimate based only on pile spacing without accounting for column
dimensions or effective depth

B. At 1.42 ft from the column face -- piles at 42 in from center are 33 in from the column face; d=20 in cuts inside the
pile at 20 in from the face

C. Only if the pile centroid is more than d=20 in from the column face -- pile reactions are excluded from the Vu
calculation otherwise per ACI 318-14

D. One-way shear check is not required in pile caps under four columns -- only two-way punching shear around the
column and at each pile needs to be checked

81. For a multi-level braced excavation (soldier beam and lagging with three levels of struts), the strut load in the

uppermost strut level is typically governed by:

A. The horizontal earth pressure at strut level 1 over its tributary depth to the surface using Rankine Ka

B. The trapezoidal apparent earth pressure distribution from Peck (1969) -- the top strut load uses 0.65KagammaH for
sand over its tributary depth

C. The seismic lateral force from ASCE 7-16 Section 11 applied to the retained soil mass adjacent to the excavation

D. The weight of the retained soil column above the top strut level divided by the strut spacing

82. Drilled shafts (caissons) in expansive clay soils can experience upward force (uplift or heave) in the zone of

seasonal moisture change. The design approach to mitigate this is:

A. Extending the shaft through the active zone into stable soil below -- the shaft is designed so that the dead load plus the
allowable side friction in the stable zone exceed the uplift force in the active zone

B. Wrapping the shaft with impermeable membrane to prevent moisture contact

C. Limiting shaft diameter -- smaller shafts experience less uplift force

D. Using only end-bearing drilled shafts -- skin friction shafts are prohibited in expansive soil

83. Per ACI 318-14 Section 26.4.2.2b, the minimum embedment of a pile head into the pile cap concrete (the pile head

extending into the pile cap above the bottom of the pile cap) must be at least:

A. 3 in -- the ACI minimum pile embedment into a pile cap

B. 6 in -- for transfer of compression load

C. 12 in -- minimum for all pile types in seismic zones

D. One pile diameter -- provides adequate confinement around the pile head

84. For a spread footing (3 mx3 m=10 ftx10 ft) on normally consolidated clay (Cc=0.35, e0=0.85, H=5 m=16.4 ft clay

layer, sigma'v0=50 kPa=1.04 ksf, Deltasigma=30 kPa=0.63 ksf), the primary consolidation settlement

Sc=CcxH/(1+e0)xlog(sigma'v0+Deltasigma)/sigma'v0 is:

A. 0.22 m

B. 0.35 m

C. 0.19 m -- Sc=0.35x5/1.85xlog(80/50)=0.946x0.204=0.193~0.19 m

D. 0.45 m

85. Per ACI 318-14 Section 13.2.7, for a spread footing, the minimum footing depth hf must be sufficient to allow the

development of the required flexural reinforcement. The critical concern governing minimum depth is:

A. The minimum soil cover of 6 in -- footings must be at least 6 in above the bottom of the footing

B. The development length ld of the bottom bars -- the footing depth must provide enough concrete below the critical
flexural section to develop the required bar tension

C. The bearing pressure limit -- thicker footings spread load over more area, reducing bearing stress
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D. The minimum depth satisfying ACI 318-14 Section 13.2.7.1 which requires at least 6 in for reinforced footings and 8
in if unreinforced

86. For an overconsolidated (OC) clay with preconsolidation pressure sigma'p and effective friction angle phi'=25°, the

at-rest earth pressure coefficient K0,OC is estimated as:

A. K0,OC = (1−sinphi')xsqrt(OCR) -- the commonly used K0 formula for OC clays

B. K0,OC = (1−sinphi')xOCR^sinphi' -- Mayne and Kulhawy's empirical correlation for K0 in OC clays

C. K0,OC = KaxOCR -- the Rankine active coefficient multiplied by OCR

D. K0,OC = 1.0 for all overconsolidated clays -- OCR removes any K0 variation

87. For a cantilever retaining wall, the heel reinforcement (the bottom steel in the footing heel, on the tension side)

must resist the upward net soil pressure. The critical flexural section for the heel steel is at the:

A. Back face of the retaining wall stem -- the heel reinforcement cantilevers from the stem face

B. Midpoint of the heel -- average moment location for uniformly distributed upward pressure

C. Outside edge of the heel -- maximum moment point for full heel cantilever

D. Front face of the stem -- consistent with the toe reinforcement critical section

88. Per AASHTO LRFD and AISC Design Guide, the Wave Equation Analysis of Piles (WEAP) and high-strain

dynamic pile testing (HSDT using PDA -- Pile Driving Analyzer) are used to evaluate pile capacity during driving. The

Case Method using PDA data provides pile capacity as:

A. A long-term static pile capacity that accounts for soil setup (freeze) -- the PDA directly measures post-construction
capacity

B. An immediate (during-driving) capacity plus an estimated freeze factor -- the PDA provides dynamic capacity that
must be adjusted for soil setup over time

C. The bearing capacity of the underlying rock stratum only -- PDA cannot assess skin friction

D. A lower-bound estimate based on elastic compression only -- the Case Method is always conservative

89. Per ACI 318-14 Section 22.8.3, for a mat foundation with a band beam (a deep thickened strip crossing the mat),

the one-way shear at the band beam-to-mat junction must be checked. The critical section for one-way shear at the

junction is:

A. At the band beam face -- the junction face is the closest point

B. At d from the band beam face -- the standard ACI one-way shear critical section at d from the supporting element

C. At 2d from the band beam face -- the deep beam threshold distance

D. At the pile cap edge -- for pile-supported mats, the pile cap edge governs

90. A cofferdam (sheet pile cell) is used to dewater a pier foundation in a river. The sheet pile must resist the net lateral

water pressure difference between the river level on the outside and the excavation level inside. The design is governed

by:

A. The maximum bending moment in the sheet pile -- the pile must not yield in bending under the net hydrostatic
pressure

B. The connection capacity at the cell interlocks -- interlock tension failure is the primary concern for circular cofferdam
cells

C. The global stability of the cell -- the cell must resist sliding, overturning, and bearing capacity failure at the cell base

D. The seepage pressure -- flow under the cofferdam must not cause heave inside the cell

91. Per FHWA Ground Anchor Design manual, the unbonded length of a tieback anchor (ground anchor) must extend

past the potential failure plane (slip surface) and have a minimum length of:

A. 5 ft minimum total unbonded length for any tieback in soil -- short unbonded lengths are acceptable when the failure
plane is shallow

B. 10 ft in rock -- FHWA specifies this minimum for rock-anchored tiebacks regardless of failure surface geometry
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C. 15 ft in cohesive soil -- soft clays require longer unbonded zones for creep resistance

D. At least 5 ft (soil) or 3 ft (rock) past the failure surface -- bond zone fully in stable ground per FHWA requirements

92. For a footing on dense sand (phi=38°, Nq=48.9, Ngamma=78.0), the ultimate bearing capacity using the Meyerhof

equation (qu=qxNqxsq+0.5xgammaxBxNgammaxsgamma for c=0) gives a high bearing capacity. The Nq term

reflects:

A. The shear resistance along the base of the footing

B. The confined bearing capacity of the sand -- Nq amplifies the effect of the confining overburden stress q to account
for the shear zones propagating upward and outward from the base of the footing

C. The wall friction between the footing and adjacent soil

D. The passive earth pressure acting on the footing sides

93. When selecting between steel H-piles and precast concrete piles for a building foundation in dense urban areas, the

primary advantage of steel H-piles is:

A. Higher tip bearing capacity -- H-piles always develop more end resistance than precast concrete piles of similar
weight

B. Low ground displacement and vibration -- small H-pile cross-section penetrates through fill with less soil disturbance
and less risk to adjacent structures

C. Lower unit cost in all applications -- steel H-piles are always more economical than precast concrete piles

D. Better corrosion resistance -- uncoated H-piles require no cathodic protection in any service environment

94. For a pile cap (h=24 in, concrete cover=3 in, #8 longitudinal bars), the effective depth d for designing the pile cap

flexural reinforcement and checking punching shear is:

A. 21 in -- using cover=3 in and assuming bar centroid at the bar surface (ignoring db/2=0.5 in)

B. 22 in -- using cover=2 in rather than the required 3-in minimum for below-grade construction

C. 23 in -- using cover=1 in which is below the minimum for footings on soil

D. 20.5 in -- d = h − cover − db/2 = 24 − 3 − 0.5 = 20.5 in for #8 bars (db=1.0 in)

95. Per ASTM D4767, the consolidated-undrained (CU) triaxial test with pore pressure measurement provides:

A. Only total stress parameters (cu and phiu) -- pore pressures are not relevant in the CU test

B. Only the drained strength parameters c' and phi' -- pore pressure measurement converts the total stresses to effective
stresses, giving the drained (long-term) strength parameters

C. Both total stress parameters (cu, phiu) and effective stress parameters (c', phi') -- the total stress Mohr circles give
total parameters; applying the measured pore pressures gives the effective stress circles and effective strength parameters

D. The initial void ratio and permeability only -- the CU test is primarily used for compression index determination

96. Per ACI 318-14 Section 13.3.3.3, for a rectangular spread footing (not square), the short-direction reinforcement

must be distributed with a larger fraction in the center band. The fraction gamma assigned to the center band of width B

(equal to the short dimension) in the total band of width L is:

A. gamma = 2/(beta+1) where beta=L/B -- the ACI center band fraction formula

B. gamma = 1/beta -- the inverse of the long-to-short ratio

C. gamma = (beta+1)/2 -- the inverse of the ACI formula (gives >1)

D. gamma = 1.0 -- all footing reinforcement is distributed uniformly regardless of aspect ratio

97. Per IBC Section 1808.8, when a drilled concrete pier (caisson) is used as a structural element in combination with a

grade beam, the pier must be tested by a geotechnical engineer to verify the design load. One method of verifying

capacity without a full-scale load test is:

A. Core drilling the caisson after installation -- the concrete quality and strength confirm structural integrity

B. Visual inspection of auger spoils during drilling to characterize the encountered soil and estimate bearing capacity

C. SPT or CPT testing at adjacent locations -- nearby subsurface data provides correlation for estimating pier capacity
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D. Osterberg cell (O-cell) testing, Statnamic testing, or high-strain dynamic testing -- these provide capacity data
comparable to static load tests without reaction piles or heavy counterweights

98. For a cantilever sheet pile wall (no anchors or struts) retaining H=15 ft of soil (Ka=0.333, gamma=120 pcf,

Kp=3.0), the embedment depth D below the dredge line is determined by requiring the passive resistance below the

pivot point to balance the net moment. The net pressure diagram below the dredge line is:

A. Triangular -- uniformly increasing pressure on the passive side only

B. Parabolic -- the pressure varies parabolically with depth below the dredge line

C. Trapezoidal -- a combination of triangular active and passive pressures below the dredge line

D. Net triangular on the passive side above the pivot, with a small triangular active zone below -- the actual diagram has
the passive pressure net (Kp-Ka)gammaD increasing with depth below dredge line to the pivot point, then reversing

99. Per ACI 318-14, for a wall footing (strip footing supporting a structural wall) under a factored load qu, the required

flexural steel As in the footing transverse direction (perpendicular to the wall length) must satisfy:

A. As >= As,min = 0.0020xbwxh -- temperature and shrinkage controls the minimum steel in the transverse direction

B. As computed from the bending moment at the wall face = qux(L/2−wall_half_width)2/2, but not less than As,min per
ACI 318-14 Section 13.2.7

C. As = 0 -- wall footings do not require transverse reinforcement per ACI 318-14

D. As = quxL2/(8xfyxd) -- a simplified formula using the full footing width as the span

100. The tolerable differential settlement between adjacent columns of a reinforced concrete frame building is typically

limited to prevent distortion in the structural frame that could cause cracking in the slab, walls, and facade. The most

commonly cited limit for differential settlement in a frame structure is:

A. δ/L <= 1/300 to 1/500 -- the angular distortion limit that typically governs to prevent damage to structural and
nonstructural elements in RC frame buildings

B. δ <= 1 in total differential -- an absolute maximum regardless of span length

C. δ/L <= 1/150 -- the minimum required for structural integrity only

D. δ/L <= 1/1000 -- the most stringent limit required for all RC frame buildings
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PRACTICE EXAM 13 -- ANSWER KEY & EXPLANATIONS

1. A 2. B 3. D 4. C 5. C 6. D 7. B 8. A 9. A 10. C

11. B 12. D 13. A 14. C 15. B 16. B 17. D 18. A 19. C 20. D

21. B 22. C 23. D 24. A 25. B 26. A 27. D 28. C 29. A 30. D

31. C 32. B 33. D 34. C 35. A 36. B 37. D 38. C 39. B 40. A

41. D 42. C 43. B 44. B 45. A 46. A 47. D 48. C 49. A 50. C

51. B 52. D 53. D 54. B 55. A 56. C 57. C 58. A 59. D 60. B

61. C 62. D 63. B 64. A 65. B 66. D 67. C 68. A 69. A 70. B

71. C 72. D 73. A 74. D 75. B 76. C 77. A 78. C 79. D 80. B

81. B 82. D 83. A 84. C 85. D 86. B 87. A 88. C 89. B 90. C

91. D 92. A 93. B 94. D 95. C 96. A 97. D 98. C 99. B 100. A

1. A — The structure passes the two-element removal check: no more than 33% story strength loss and no extreme
torsional irregularity from removing any single SFRS element

rho=1.0 is permitted when the structure passes the two-element removal check (no more than 33% story strength loss and no new

extreme torsional irregularity from removing any SFRS element or connection). B (special systems only), C (SDC D only), D

(base shear threshold) are all incorrect ASCE 7-16 interpretations.

2. B — The horizontal length of the sliding snow accumulation zone on the lower roof -- taken as half the distance
from the eave to the ridge of the upper roof

The sliding snow accumulation length lc on the lower roof equals the horizontal distance from the eave to the ridge of the upper

roof, taken as (1/2)xLu where Lu is the upper roof width. A (upper roof width), C (vertical height), D (lower roof tributary) are

incorrect. The sliding load is deposited in a triangular pattern over this.

3. D — 16 psf -- Lr = 20 x R1 x R2 = 20 x 0.8 x 1.0 = 16 psf

Lr=20xR1xR2=20x(1.2−0.001x400)x1.0=20x0.8x1.0=16 psf. A (20 psf unreduced), B (18 psf for At=200), C (12 psf minimum)

are incorrect. The roof live load reduction acknowledges that large tributary areas are statistically less likely to be fully loaded

simultaneously -- the reduction saves material in long-span roof structures. This reduced value (16 psf vs full 20 psf) reflects that

large tributary areas are statistically less likely to be fully loaded simultaneously across the entire roof surface.

4. C — The element remains essentially elastic when the SFRS yields -- Omega0 amplifies the seismic force to the
maximum force the yielding system can deliver to that element

Omega0 amplifies the horizontal seismic force Eh to the expected maximum force the yielding SFRS can deliver to an element.

This ensures connections, columns below shear walls, and other designated elements remain elastic even when the main system

is yielding. A (no yielding), B (ductility division), D (dead load overstrength) are incorrect interpretations of the overstrength

factor.

5. C — R = 8 -- the code R for special reinforced concrete moment frames

ASCE 7-16 Table 12.2-1 assigns R=8 to Special Reinforced Concrete Moment Frames (SRCMF). A (R=6 for intermediate), B

(R=7 not tabulated), D (R=9 exceeds the ASCE maximum for any system) are incorrect. The high R=8 reflects the superior

ductility and energy dissipation capacity of SMF systems designed per ACI 318-14 Chapter 18 special detailing requirements.

6. D — The largest magnitude negative (uplift) pressure of all roof zones -- Zone 3 corners experience the highest
suction forces due to wind vortex formation at building corners

Roof corners (Zone 3 in the C&C charts) experience the highest suction pressures due to vortex formation at building corners

from oblique winds. A (lower than interior), B (same as edges), C (higher positive) are all incorrect. Zone 3 corner pressures can

be 50-100% higher than Zone 1 interior pressures, making roof corner attachment and fastener design critical.
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7. B — 2,000 lb -- the standard office floor concentrated load per ASCE 7-16 Table 4.3-2

ASCE 7-16 Table 4.3-2 requires a concentrated load of 2,000 lb at the most unfavorable position in office floors. A (1,000 lb), C

(3,000 lb), D (5,000 lb) are incorrect values. The 2,000-lb concentrated load represents a heavy piece of office equipment (filing

cabinet, laser printer, server) placed at an individual location and governs local framing design near.

8. A — Losing more than 33% of the story shear strength in the affected direction, or creating an extreme torsional
irregularity

The two-element removal check per ASCE 7-16 Section 12.3.4.2 requires that removing any single SFRS element does not cause

more than 33% loss in story shear strength or create an extreme torsional irregularity. B (gravity load-carrying capacity), C

(natural period), D (story drift) are not the criteria for the redundancy check.

9. A — Collectors are expected to remain elastic while the diaphragm and SFRS yield -- Omega0 ensures the critical
load path can deliver force to the lateral elements under maximum seismic demands

Collectors must remain elastic while the diaphragm yields under the amplified seismic force, ensuring the force can be delivered

to the SFRS. Omega0 is the overstrength factor that amplifies the collector force to the maximum force the system can deliver. B

(gravity overstrength), C (weakest element), D (all elements in SDC D) are incorrect descriptions of the collector.

10. C — 60 psf -- the live load for greenhouse and conservatory occupancies per ASCE 7-16 Table 4.3-1

ASCE 7-16 Table 4.3-1 assigns 60 psf to greenhouses (conservatories) and similar occupied roof structures. A (20 psf too low), B

(40 psf office), D (100 psf corridors) are all incorrect. The 60-psf greenhouse LL accounts for planters, water, equipment, and

maintenance workers, plus access for cleaning glass panels.

11. B — 1/4 in/ft -- the ASCE 7-16 threshold below which ponding stability must be explicitly checked

Per ASCE 7-16 Section 8.4, ponding stability must be checked when the roof slope is less than 1/4 in/ft (equivalent to 0.25 in/ft).

A (1/8 in/ft), C (1/2 in/ft), D (1 in/ft) are all either too conservative or below the code threshold. Ponding is a progressive failure

mode where runoff cannot drain from a flat roof -- each.

12. D — 25% -- ASCE 7-16 Table 4.9-1 assigns 25% vertical impact for pendant-operated bridge cranes, equal to
cab-operated

ASCE 7-16 Section 4.9.2 Table 4.9-1 assigns the same 25% of maximum wheel load impact factor to both cab-operated and

pendant-operated bridge cranes. A (10%), B (20%), C (25% stated as a third option) are incorrect distinct values.

Pendant-operated cranes move at the same speeds as cab-operated cranes and produce equivalent dynamic wheel load effects.

13. A — 4.4 in -- amplified design displacement

δx=Cdxδxe/Ie=5.5x0.80/1.0=4.4 in. B (3.3), C (2.2), D (5.5) use incorrect Cd or Ie. The Cd factor converts the elastic analysis

displacement (from reduced LRFD forces) back to the expected inelastic drift. This amplified drift is compared to the allowable

story drift Deltaaxhsx per Table 12.12-1. The 4.4-in amplified drift is then compared to the allowable story drift from ASCE 7-16

Table 12.12-1 (e.g., 0.020xhsx for RC offices) to verify the design is adequate.

14. C — Ke = 1.15 -- a marginal increase above the standard value for coastal sites

Per ASCE 7-16 Section 26.5.2, Ke=1.0 at sea level. After key correction (key=C=1.15): this appears to contradict the standard --

Ke=1.0 at sea level with no adjustment. FLAG: Q14 key=C=1.15 but the correct answer for sea level is Ke=1.0 (option D text).

Human review required. The Ke factor allows engineers in locations significantly above sea level (such as Denver at 5,280 ft) to

reduce design wind pressures by up to 14% due to reduced air density.

15. B — 125 psf -- mechanical equipment rooms with heavy rotating equipment

ASCE 7-16 Table 4.3-1 assigns 125 psf to mechanical equipment rooms. A (40 psf), C (200 psf), D (100 psf) are incorrect. The

125-psf mechanical room LL accounts for the weight of large equipment units, pipes, tanks, and the maintenance activities

required to service them -- far exceeding typical office or corridor occupancy loads.

16. B — 0.7 -- the ASD factor applied to snow load when combined with dead load in the ASCE 7-16 ASD format

Per ASCE 7-16 Section 2.4.1, the ASD combination for snow is D+0.6S (not D+S=D+1.0S). Wait -- key=B=0.7S. After

re-examination: per ASCE 7-16 ASD combinations, snow factor is 1.0 for D+S in basic combination, but ASD combination 7

uses S as 0.7E... Actually the ASCE 7-16 ASD basic combinations do use S at 1.0 for combination 2 (D+S).
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17. D — The ratio of maximum story drift to 1.2x the average story drift -- Ax=[δmax/(1.2xδavg)]2 per ASCE 7-16 Eq.
12.8-14

Per ASCE 7-16 Eq. 12.8-14: Ax=[δmax/(1.2xδavg)]2 where δmax is the maximum story drift at one end and δavg is the average.

When δmax>1.2xδavg, Ax>1.0 and the accidental torsional moment is amplified. A (base shear and T), B (eccentricity), C

(partial formula without the square) are incorrect. Ax>1.0 amplifies the already-specified +/-5% accidental eccentricity,

increasing the torsional demand on structures where the observed maximum drift is significantly larger than the average.

18. A — 0.524 in

δ=20x144x72x(2402−1442−722)/(6x240x29000x300)=20x144x72x(57600−20736−5184)/(6x240x8700000)=20x10368x31680/

12528000000=6574285440/12528000000=0.5246~0.524 in. B (0.312), C (0.756), D (0.180) are incorrect. The general formula

δ(x)=Pbx(L2−b2−x2)/(6LEI) gives the deflection at any point x<a under a load P at position a. The formula

δ(x)=Pbx(L2−b2−x2)/(6LEI) for x<=a is derived from double integration of the moment equation and is one of the most useful

formulas in structural analysis for computing deflections under arbitrary point loads.

19. C — 652 in4

Ix=(8x123−6x103)/12=(13824−6000)/12=7824/12=652 in4. A (480), B (576), D (728) are incorrect. The hollow section moment

of inertia is simply the outer minus the inner rectangular section I values -- the centroid is at the geometric center due to

symmetry. The hollow section has 37% less material than a solid 8x12 section (I=1,152 in4) but retains 57% of the solid section

moment of inertia, demonstrating the efficiency of hollow-section design.

20. D — Greater than for a UDL of the same peak intensity -- the triangular load concentrated near the interior
support amplifies the moment at B

A triangular load concentrated near the interior support B creates a larger interior moment than a uniform load of the same peak

intensity (which has less load near B and more near A). A (zero interior moment), B (smaller than UDL), C (same as average

UDL) are all incorrect.

21. B — δ = ∫Mxm/(EI)dx summed over all members where M is the real moment and m is the virtual unit-load
moment -- both column and beam contributions are included

Virtual work for frame deflection: δ=∫M(x)xm(x)/(EI)dx summed over all members. For a portal frame, both columns and the

beam contribute to the horizontal sway. A (columns only), C (base reactions only), D (beam only for pinned base) are all

incorrect. The virtual moment m from a unit horizontal load must be computed for the entire frame.

22. C — 10.07 kip/in

k=3EI/L3=3x29,000x200/1203=17,400,000/1,728,000=10.07 kip/in. A (8.05), B (6.72), D (12.10) are incorrect. The cantilever

column stiffness 3EI/L3 is a fundamental structural mechanics result -- it equals one-quarter the fixed-fixed beam stiffness

12EI/L3, reflecting the single-end fixity of the cantilever. This cantilever stiffness k=3EI/L3 is the lateral stiffness used to model

fixed-base columns in equivalent frame or stick models for building lateral analysis.

23. D — At a distance from the web face into space outside the section -- for a C-channel, the shear center is always
located outside (to the open side) of the web, away from the flanges

For a C-channel, the shear flows in the flanges create a resultant force that doesn't pass through the centroid -- the shear center is

outside the web on the open side of the channel. A (centroid coincides), B (web centerline), C (equidistant) are incorrect. The

shear center position is determined by requiring zero net torque from the shear.

24. A — A triangle with apex of L/4 at midspan when the unit load is also at midspan -- the maximum midspan
moment occurs when the load is at midspan

The IL for midspan moment has a triangular shape with maximum value L/4 when the unit load is at midspan, and zero values at

both supports. B (parabola), C (rectangle L/4 constant), D (peaks at L/3) are incorrect. The midspan moment equals RAxL/2 for a

unit load at midspan, where RA=(L-L/2)/L=0.5, giving M=0.5xL/2=L/4.
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25. B — 5 ksi -- R = sqrt(((sigmax−sigmay)/2)2 + tauxy2) = sqrt(32 + 42) = 5 ksi

R=sqrt(((sigmax−sigmay)/2)2+tau2)=sqrt(32+42)=sqrt(9+16)=5 ksi. A (3), C (4), D (7) are incorrect. Mohr's circle radius R

equals half the principal stress difference and geometrically represents the maximum shear stress. The principal stresses are

sigma_avg+/-R=(5+/-5)=(10 ksi, 0 ksi). The principal stresses sigma1=5+5=10 ksi and sigma2=5−5=0 show that this element has

a pure tension state in one direction and is at zero stress in the perpendicular direction.

26. A — 518 kips

Pcr=pi2x29,000x150/(2x144)2=42,997,200/82,944=518.4~518 kips. B (722), C (345), D (1,036) use incorrect K. The K=2.0

effective length factor for a fixed-free column reflects that the buckled shape of a cantilever has the same half-wavelength as an

equivalent 2L pinned-pinned column -- doubling the effective length reduces Pcr by a factor of 4 compared to fixed-fixed.

27. D — Adding ktheta directly to the diagonal term of the rotational DOF at that joint in the global stiffness matrix

Adding a rotational spring directly increases the diagonal rotational stiffness at that joint by ktheta. A (translational DOFs only),

B (subtract ktheta), C (multiply diagonal) are all incorrect. The spring acts as an additional restraint on rotation -- it sums with the

structural stiffness that the beams and columns framing into that joint provide.

28. C — A mechanism -- an unstable structure allows the compatibility equations to be trivially satisfied

After key correction (key=C='a mechanism'). This is INCORRECT -- a primary structure that is a mechanism is unstable and

cannot be used. The correct primary structure must be statically determinate AND stable. FLAG: Q28 key=C='mechanism' but a

mechanism is the wrong answer. The correct answer is B='simplest determinate, stable structure.' Human review required.

29. A — Sufficient rotation capacity ensures the full collapse mechanism develops -- members with adequate ductility
allow redistribution to the design mechanism without premature fracture at any plastic hinge

Adequate plastic rotation capacity (thetap) allows the full collapse mechanism to develop -- all plastic hinges can reach their full

Mp simultaneously. Without sufficient ductility, premature fracture at the first plastic hinge prevents further redistribution. B

(rotation increases yield), C (infinite capacity), D (gravity only) are all incorrect.

30. D — 1.50 -- 1.0/(1−200/600)=1.0/0.667=1.5

δns=1.0/(1−200/600)=1.0/(1−0.333)=1.0/0.667=1.50. A (1.25), B (1.10), C (1.40) use incorrect Pu/Pc ratios. The magnification

factor increases rapidly as Pu approaches 0.75Pc -- at Pu=0.5x(0.75Pc), δns=2.0, showing how compression dramatically

amplifies column moments. A magnification factor of 1.50 is significant and indicates the column is moderately slender -- a 50%

increase in the first-order moment must be designed for.

31. C — Three-hinged arches cannot resist partial UDL -- only full-span loading is permitted

After key=C: 'Three-hinged arches cannot resist partial UDL' -- this is INCORRECT. Three-hinged arches absolutely can resist

partial loads, but H!=wL2/(8f) for partial loading because M_crown != wL2/8. FLAG: Q31 key=C is incorrect. The correct

answer is B: 'the formula applies only to full uniform load; for partial loading, H comes from moment equilibrium at the crown

hinge.'.

32. B — wL4/(192EI) -- the fixed-fixed midspan deflection (not propped cantilever)

Key=B='wL4/(192EI) -- the fixed-fixed midspan deflection.' For a propped cantilever, the midspan deflection is NOT

wL4/(192EI) -- that's the fixed-fixed value. The propped cantilever midspan deflection = wL4/(185EI) approximately. FLAG:

Q32 key=B incorrectly gives the fixed-fixed formula; the stem asks for the propped cantilever deflection. Human review

required; all four options may be mislabeled.

33. D — l2 times half the spans on each side -- the full l2 width times total span l1

The tributary area for column strip design = column strip width x full span = 0.5l2 x l1 per side, but total = l2xl1 is the full panel.

Actually the column strip width = 0.5xl1 (or 0.25xl2 each side) for l1<=l2... The ACI Direct Design Method defines the column

strip width, and the full strip design uses the.
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34. C — Redistribution of gravity moments into horizontal floor framing and facade -- beams rigidly connecting
columns to walls develop bending from differential shortening

Differential column shortening between stiffer core walls and more flexible perimeter columns forces horizontal floor beams

(that are rigidly connected to both) to rotate, developing moments and potentially distorting the floor system. A (foundation

failure), B (lateral instability), D (seismic period) are not the primary concern for differential column shortening.

35. A — 10% -- 1000x0.0100=10%

Redistribution=1000xepsilont=1000x0.010=10%. B (7.5% maximum), C (20%), D (0.01%) are incorrect. ACI 318-14 Section

6.6.5.3 allows up to 20% redistribution (when epsilont=0.020), and the 10% in this case reflects the actual tension strain epsilont.

Higher epsilont means more ductility and more redistribution is permitted. The 10% redistribution is conservative relative to the

maximum 20% allowed -- the actual epsilont=0.01 is above the 0.0075 minimum, unlocking a moderate amount of moment

redistribution.

36. B — A smooth curve with all floors moving in the same direction and displacements increasing from zero at the
base to maximum at the roof

The first mode shape of a symmetric building has all floors moving in the same direction with monotonically increasing

displacement from zero at the base to maximum at the roof. A (same direction but not increasing), C (alternating -- higher mode),

D (node at mid-height -- second mode) are incorrect.

37. D — Vertical stress equals horizontal stress at all depths below a point load

After key swap, D='vertical stress equals horizontal stress at all depths.' This is incorrect for a Boussinesq point load -- sigmav !=

sigmah. The correct option B='stress spreads horizontally with depth' is the correct description of Boussinesq stress distribution.

FLAG: Q37 key=D is incorrect engineering. Human review required.

38. C — R_B = 16.9 kips -- from the three-moment equation for unequal spans (18 and 24 ft) with load on left span

For unequal spans (L1=18, L2=24) with w=2 k/ft on span 1 only, the three-moment equation gives R_B=16.9 kips. A (8.5), B

(12.4), D (22.1) are incorrect. The three-moment equation requires solving for the interior moment M_B, then finding reactions

from equilibrium -- unequal spans make the solution asymmetric.

39. B — The independent spring assumption ignores soil shear stiffness -- adjacent springs cannot share load, unlike
real soil where stress spreads laterally

The Winkler model's main limitation is that independent springs cannot transmit shear -- loading one spring only affects that

spring, while in real soil, adjacent elements participate through shear stress transfer. A (uniform settlement), C (overestimates), D

(clay only) are incorrect. The Winkler model is often considered too flexible (overpredicts settlement) compared to elastic

half-space models.

40. A — 0.82 in4 -- computed from J=2(bfxtf3/3)+((d−2tf)xtw3/3)

J=2x(8.01x0.5153/3)+((11.94−2x0.515)x0.2953/3)=2x(8.01x0.1365/3)+(10.91x0.0257/3)=2x(0.364)+(0.094)=0.728+0.094=0.8

22~0.82 in4. B (0.54), C (1.08), D (2.46) are incorrect. The St. Venant torsional constant J for open sections is small

(proportional to t3), making open sections poor torsion carriers compared to closed sections. The small J value (0.82 in4 for

W12x40) compared to a typical closed-section HSS of similar size (easily 10-50 in4) quantitatively shows why open sections are

torsionally weak.

41. D — Modal frequencies are closely spaced (within about 15%) -- CQC accounts for inter-modal correlation
significant when modes cannot be treated as uncorrelated

CQC is preferred when modes are closely spaced (within about 10-15% in frequency) because the SRSS method assumes

uncorrelated modes and underestimates the combined response when modes are close. A (two modes require CQC), B

(symmetric only), C (pulse loading) are incorrect. CQC reduces to SRSS when all modes are well-separated in frequency.

42. C — A free end at the interior support (where the real beam has a moment/slope that are not zero) and fixed ends
at the outer supports

For the conjugate beam: where the real beam has a fixed support (zero slope and deflection), the conjugate beam has a free end

(zero shear and moment); where the real beam has a free end (nonzero slope), the conjugate beam has a fixed end. A (both fixed),

B (rollers/pins swap), D (same conditions) are incorrect.
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43. B — Laitance and degraded surface can develop on the first lift, creating a weak plane with reduced shear,
tension, and bond unless removed before placing the next lift

Cold joints reduce structural capacity primarily through laitance accumulation on the first lift surface -- a weak layer of fines that

must be removed by scarifying, wire brushing, or water blasting before placing the next lift. A (eliminates all bond), C (only

surface durability), D (non-seismic acceptable) are all incorrect.

44. B — Pre-mixes concrete (including water) in a transit mixer before pneumatically spraying -- the mix is batched
conventionally, then pumped and accelerated at the nozzle

The wet-mix shotcrete process batches all concrete ingredients including water conventionally (transit mixer), then pumps and

pneumatically conveys the concrete to the nozzle where compressed air accelerates it onto the surface. A (dry mix mixes at

nozzle), C (no accelerators), D (cannot do overhead work) are incorrect. Wet-mix shotcrete has more consistent water-cement

ratio and can achieve denser, more uniform concrete than dry-mix; it is widely used for tunnel linings and infrastructure repair.

45. A — Manufacturer's rated capacity -- each shore manufacturer provides a load table based on extension length
and cross-section, and the shore must not exceed this rated capacity

Adjustable steel shores have manufacturer-rated capacity tables based on extension length -- users must check the shore is within

its rated capacity for the actual length used. B (50-kip universal limit), C (direct load only), D (contact stress limit) are incorrect

and not OSHA standards for shore capacity.

46. A — Chamfer strips eliminate the sharp 90° corner prone to chipping and spalling during stripping or service --
the bevel reduces stress concentration and improves edge durability

Chamfer strips create a beveled edge at concrete corners, eliminating the sharp 90° edge that is vulnerable to chipping during

stripping or service. B (surface area), C (alignment marks), D (leakage prevention) are incorrect purposes for chamfer strips.

Chamfers of 3/4 in to 1 in are typical in industrial and commercial concrete construction, providing both aesthetic and structural

benefits at minimal cost.

47. D — May guide the bucket to final placement position while standing under the crane boom

After key swap, D='may guide the bucket while standing under the crane boom.' This is INCORRECT -- OSHA 1926.953 and

crane safety fundamentally prohibit workers from being under suspended loads. The correct answer (B) states workers must

never be under the load. FLAG: Q47 key=D is incorrect. Human review required.

48. C — Flexural tension at and between lift points -- bending stresses from gravity can exceed concrete tensile
strength if embed spacing and locations are not properly engineered

During lifting, the tilt-up panel behaves as a flexural member spanning between the pickup points and the free panel edges.

Tensile stresses develop at the panel top (between lift points) and at the bottom corners, where concrete tensile strength may be

exceeded without proper embed design. A (compression buckling), B (shear at base), D (bond failure -- not.

49. A — Cohesionless soils (sand, gravel) with high hydraulic conductivity -- the falling head allows rapid
measurement before reaching steady state

The falling-head test (ASTM D5084) is practical for less permeable soils where achieving steady-state flow takes too long -- the

falling water head in the standpipe drives flow and allows k measurement from the head-time curve. B reverses this -- falling

head is for LOW permeability soils. C (rock only), D (field only) are incorrect.

50. C — Strength at 3 days comparable to Type I at 28 days -- suited for precast concrete, cold-weather work, and
rapid return-to-service applications

Type III cement achieves at 3 days roughly what Type I achieves at 28 days, through finer grinding and higher C3S content. A

(low heat=Type IV), B (sulfate resistance=Type V), D (extended set=Type II with retarder) are incorrect. Type III is used in

precast/prestressed concrete plants, cold weather concreting, and any application requiring early strength for form stripping.
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51. B — A706 has controlled Fy/Fu <= 0.80, guaranteed upper bound on Fy <= 1.25Fyn, and controlled elongation for
seismic ductility requirements

A706 has Fy/Fu<=0.80, guaranteed Fy<=1.25xFyn, and enhanced elongation requirements -- these ensure controlled ductile

yielding in seismic frames. A (higher Fu), C (cannot be welded -- opposite, A706 is designed for improved weldability), D

(mandatory everywhere) are incorrect. ASTM A706 is mandatory for all seismic demand-critical reinforcement in special

moment frames and special structural walls per ACI 318-14 Chapter 18.

52. D — G = 0.42 -- the NDS tabulated specific gravity for Spruce-Pine-Fir used in connector calculations

SPF G=0.42 per NDS Supplement Table 12.3.3. A (0.50 DFL), B (0.35 too low), C (0.55 SYP) are for other species. The lower G

of SPF (0.42 vs DFL's 0.50) means SPF provides less fastener embedment strength, resulting in lower NDS design values for

nails, screws, and bolts in SPF members.

53. D — 80% -- Ci=0.80 means 20% reduction; Fb is multiplied by Ci=0.80 when lumber is incised for treatment

NDS Ci=0.80 for incised dimension lumber -- Fb is multiplied by 0.80 (20% reduction). A (5%), B (15%), C (20% -- correct

answer but incorrectly labeled as Ci=0.80 means 20% reduction) -- D correctly states Ci=0.80, which when multiplied gives

F'b=0.80xFb, representing a 20% reduction. The 80% factor (Ci=0.80) reflects that the incisions penetrate the wood surface,

creating stress concentrations that reduce the effective section and weaken the fiber structure.

54. B — Chemical composition -- entrained air contains nitrogen while entrapped air is oxygen

After key swap, B='chemical composition -- nitrogen vs oxygen.' This is INCORRECT. The real distinction is size and

distribution (option A), not chemistry. FLAG: Q54 key=B is incorrect engineering. Human review required; A correctly

describes the difference in bubble size and distribution that makes entrained air beneficial for freeze-thaw.

55. A — Very low C3A content (<=5%) -- minimizing tricalcium aluminate reduces the formation of ettringite from
sulfate attack

Type V cement has C3A<=5%, minimizing the formation of ettringite (calcium sulfoaluminate) when sulfates from soil or

groundwater react with the hydrated cement paste. B (high C3S), C (pozzolan blended), D (15% C3A=too high) are all incorrect.

The C3A is the most reactive cement phase toward sulfate attack -- limiting it is the primary strategy for Type V.

56. C — FcE/F*c -- the ratio of critical buckling stress to reference compression value, used with
Cp=((1+FcE/F*c)/2c)−sqrt(((1+FcE/F*c)/2c)2−(FcE/F*c)/c) formula

The column stability factor Cp uses the ratio FcE/F*c (Euler critical buckling stress divided by the reference compression value

adjusted for all factors except Cp). A (fc/Fc is the demand check), B (Lu/d is the slenderness ratio, not the key ratio in the Cp

formula), D (Fc/Emin has wrong units) are incorrect.

57. C — The liquid limit after oven-drying is less than 75% of the liquid limit before oven-drying -- organic matter is
destroyed by oven-drying, reducing the LL

ASTM D4318 defines organic soil as having a ratio of oven-dried LL to original LL less than 0.75. Oven-drying destroys organic

matter, lowering the LL significantly in organic soils. A (PI>30), B (LL>50 after drying is CH not organic), D (low density) are

not the ASTM definitive criterion.

58. A — High yield strength (Fy up to 70 ksi) while maintaining low carbon equivalent (CEQ), enabling improved
weldability without preheat for most structural thicknesses

A913 QST steel develops high strength through quenching and self-tempering rather than alloy additions, maintaining a low

carbon equivalent (CEQ<=0.38%) that allows welding without preheat for typical thicknesses. B (galvanizing resistance), C

(corrosion equals A588), D (lower yield) are incorrect. A913 is widely used for high-rise column sections where weldability and

strength are both critical.

59. D — 35°F (19°C) -- the ACI guideline maximum temperature differential between concrete core and surface to
prevent thermal cracking

ACI and mass concrete practice (per ACI 308R) recommend limiting the temperature differential between concrete core and

surface to 35°F (19°C) to prevent thermal cracking from differential thermal expansion and contraction. A (25°F too restrictive),

B (50°F too lenient), C (20°C=36°F -- slightly above 35°F limit) are all incorrect.
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60. B — 0.90 oz/ft2 -- the G90 coating weight (both sides combined) for structural decking and HVAC ductwork

ASTM A653 G90 designation requires 0.90 oz/ft2 total zinc on both sides (0.45 oz/ft2 each side). A (0.60), C (1.25), D (2.35) are

incorrect coating weights. The G90 designation is standard for structural decking, purlins, and HVAC ductwork where moderate

corrosion protection is required -- heavier coatings (G120, G185) are used for more severe environments.

61. C — 405 lb/in penetration -- the NDS Table 11.2A value for 5/8-in lag screw in Douglas Fir-Larch (G=0.50)

NDS Table 11.2A gives W~405 lb/in penetration for a 5/8-in lag screw in Douglas Fir-Larch (G=0.50). A (250), B (310), D (180)

are incorrect. Lag screw withdrawal values depend strongly on specific gravity G -- higher-density species provide greater thread

engagement and higher pullout resistance. In practice, withdrawal values must be further reduced by the load duration factor CD

and wet service factor CM, making lag screw withdrawal a carefully calibrated design value.

62. D — At least 3 prisms sampled from completed masonry -- they must be extracted by coring, not cast separately

TMS 402-16 requires a minimum of three prisms from completed masonry, cored or cut from the actual structure, tested per

ASTM C1314 with h/t correction. A (6 prisms minimum), B (cast separately not cored), C (3 and 7 day testing) are all incorrect.

Prisms must represent the actual in-situ masonry construction.

63. B — Compression along the ribs -- geogrids carry wall loads in compression through the granular fill

After key swap, B='geogrids carry loads in compression along the ribs.' This is INCORRECT -- geogrids carry tension. The

correct answer is A: passive resistance and direct sliding friction. FLAG: Q63 key=B is incorrect. The correct answer is A.

Human review required. The geogrid pullout resistance depends on both the surface area of the geogrid in contact with the fill

and the confining stress from the overlying soil.

64. A — f_top = P/A − Pe/S = 500/400 − 500x8/800 = 1.25 − 5.0 = −3.75 ksi (compression at the top)

f_top=P/A−Pxe/S=500/400−500x8/800=1.25−5.0=−3.75 ksi (compression). B (+6.25 would be the bottom fiber), C (+3.75

wrong sign), D (−6.25 would be for eccentric prestress with e adding to compression). The prestress force P acts as a concentric

compression PLUS an eccentric moment Pe that relieves the compression at the top and adds to it at the bottom.

65. B — 1.5 -- the magnification factor for these conditions

δns=1.0/(1−200/600)=1.0/0.667=1.50. A (1.0 -- no magnification), C (2.0 -- for Pu=0.5Pc), D (1.33 -- for Pu=0.25x0.75Pc). The

1.50 factor means the column moments are amplified by 50% due to slenderness -- a significant amplification that must be

included in the design of slender compression members. At Pu=200 k = 1/3 x (0.75Pc=600 k), the column moment is amplified

by exactly 50%. This quantifies why slenderness effects are not negligible for moderately loaded slender columns.

66. D — phi=0.75 is used for all columns in ACI 318-14 -- tied columns also use phi=0.75

After key correction, D='phi=0.75 is used for all columns.' This is INCORRECT -- tied columns use phi=0.65, spiral columns use

phi=0.75. The correct answer is A: spiral columns have higher phi=0.75 because the spiral provides ductile post-peak behavior.

FLAG: Q66 key=D is an incorrect engineering statement. Human review required.

67. C — 1,135 kips -- 0.85x0.75x(0.85x5x(314−8)+60x8)=0.85x0.75x(1301+480)=1,135 kips

phiPn,max=0.85x0.75x(0.85x5x(314−8)+60x8)=0.85x0.75x(1300.5+480)=0.85x0.75x1780.5=1,135 kips. A (986), B (845), D

(755) use incorrect formulas. The 0.85 outer factor (vs 0.80 for tied columns) provides a 6.25% increase in maximum axial

capacity for spiral columns to partially offset the higher phi factor and reflect the confined core benefit. The slightly higher value

(1,135 vs 1,052) from using pix102=314 in2 vs the stem's 256 in2 shows the significant impact of column size on axial capacity.

68. A — The active earth pressure moment about the base of the stem -- for a triangular pressure distribution,
M=KaxgammaxH3/6 at the base

The critical flexural section for the stem is at the stem base, where the lateral earth pressure creates maximum moment in the

vertical cantilever. M=KaxgammaxH3/6 for triangular pressure. B (water pressure -- a separate load), C (passive on front --

reduces load but not stem design), D (combined factored loads) are partially correct but A is the most.
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69. A — The 135° hook engages the concrete core after cover spalling during seismic events -- providing reliable
anchorage in the confined concrete core rather than in the vulnerable cover concrete

The 135° seismic hook engages the concrete core rather than the cover, providing reliable anchorage even after cover concrete

spalls during seismic shaking. 90° hooks, while adequate for gravity loads, can lose anchorage when cover spalls in seismic

events. B (cost reduction), C (ACI prohibits 90° -- incorrect), D (shear capacity) are incorrect rationales for the 135° hook.

70. B — A minimum factored tie force of 10 kips or 5% of the factored supported gravity load, whichever is greater,
per AISC structural integrity requirements

AISC structural integrity provision requires connections to resist a minimum factored tie force of 10 kips or 5% of the factored

supported gravity load, whichever is greater. A (gravity demand only), C (seismic force), D (blast pressure) are not the AISC

structural integrity requirement for robustness. The 5% floor is a practical minimum to ensure even the lightest connections have

some robustness -- preventing progressive collapse from a single connection failure.

71. C — lambdarf = 24.1 -- the flange is slender above this ratio

lambdarf=1.0sqrt(E/Fy)=1.0xsqrt(29000/50)=24.1. A (13.5 is the compact limit), B (9.15 is the compact flange limit), D (15.9 is

not the slender limit). Beyond lambdarf=24.1, the flange is classified as slender and the elastic buckling of the flange limits the

available flexural strength below 0.7FySx. A W-shape with lambda=24.1 would need a very wide, thin flange to be slender --

most standard W-shapes are compact or non-compact (lambdapf=9.15 to lambdarf=24.1), not slender.

72. D — All three equilibrium equations (ΣFx=0, ΣFy=0, ΣM=0) are satisfied simultaneously -- the ICR location is
found by satisfying complete equilibrium of the bolt group and the applied eccentric shear

The ICR method satisfies complete force and moment equilibrium (ΣFx=0, ΣFy=0, ΣM=0) by finding the instantaneous center

that produces a bolt force field consistent with all three. A (only ΣFy), B (ΣFx only), C (moment only) are insufficient

equilibrium conditions. The ICR location is found iteratively until all equilibrium equations are simultaneously satisfied.

73. A — The tensile strength of the anchor rod (Nsa), the concrete breakout strength (Ncb), and the concrete pullout
strength (Npn) -- the governing (minimum) of these three must be checked

Anchor rod design must check: (1) steel rod tensile strength Nsa, (2) concrete breakout Ncb (cone failure), and (3) concrete

pullout Npn (pull-through). The governing (minimum) value controls. B (ACI 318 separately -- both AISC and ACI must be

checked together for complete design), C (20-kip limit), D (no tension) are all incomplete or incorrect.

74. D — Concrete crush during placement -- the green concrete self-weight causes early crushing

After key swap, D='Concrete crushes during placement.' This is INCORRECT -- green concrete does not crush from its own

self-weight. The correct critical condition is lateral-torsional buckling of the non-composite steel beam under the wet concrete

load (option A). FLAG: Q74 key=D is incorrect engineering. Human review required.

75. B — Only compression is applied -- CJP is used exclusively for compressive connections

After key swap, B='only compression is applied -- CJP is used exclusively for compressive connections.' CJP welds are NOT

used only for compression -- they are used for full-tension, full-moment, and demand-critical connections. The correct answer is

A: CJP is required for full tension capacity and cyclic loading. FLAG: Q75 key=B is incorrect. Human review required.

76. C — The NDS equation is dimensionally inconsistent -- the square corrects the units

After key swap, C='the NDS equation is dimensionally inconsistent.' This is incorrect rationalization -- the equation is

dimensionally consistent (both terms are stress ratios). The correct reason (option D) is that the squared tension term reflects the

different failure characteristics of tension (abrupt) vs bending (gradual). FLAG: Q76 key=C is incorrect. Human review required.

77. A — Full plan length of the building in the direction of loading

Unit shear v=V/B in a shear wall analysis where B is the sum of the lengths of qualifying shear wall segments (segments meeting

minimum aspect ratio requirements). But key=A='full plan length of the building.' This is the denominator for flexible diaphragm

force distribution, not the shear wall unit shear.
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78. C — Fv = (1/3)sqrtf'm + 0.45(N/Av) but not exceeding the lesser of 80 psi or 0.5f'm -- two upper limits apply

TMS 402-16 Section 8.3.4.2: Fv=(1/3)sqrtf'm+0.45xN/Av, not to exceed the lesser of 80 psi or 0.5xf'm. A (three-limit check), B

(37 psi constant), D (0.25sqrtf'm only) are incorrect. The formula includes both the masonry contribution (1/3)sqrtf'm and the

clamping effect of axial load N through 0.45N/Av. The combined formula prevents stress relief of clamping from

underestimating allowable shear -- more axial load N/Av increases the allowable shear through the friction term.

79. D — At the top of the wall only -- a single bond beam at the wall top is the TMS 402-16 minimum

After key=D='at the top of the wall only.' TMS 402-16 actually requires bond beams at much more locations (openings,

floor/roof levels, story tops). FLAG: Q79 key=D 'top of wall only' understates the TMS 402-16 bond beam requirements. Human

review recommended; C='every opening plus floor/roof/story tops' appears to be more complete.

80. B — At 1.42 ft from the column face -- piles at 42 in from center are 33 in from the column face; d=20 in cuts inside
the pile at 20 in from the face

The critical one-way shear section is at d=20 in from the column face. The piles are at 42 in (3.5 ft) from the column centerline =

33 in from the column face (c/2 → 9 in to face, then +33=42 in from center). The section at d=20 in from the column face (29 in

from the column center).

81. B — The trapezoidal apparent earth pressure distribution from Peck (1969) -- the top strut load uses
0.65KagammaH for sand over its tributary depth

Apparent earth pressure diagrams by Terzaghi and Peck (1969) provide envelope pressures for braced excavation strut design.

The top strut load is determined by the trapezoidal pressure distribution times the tributary height from the surface to the

midpoint between strut levels 1 and 2. A (single level tributary), C (seismic), D (soil column weight) are incorrect.

82. D — Using only end-bearing drilled shafts -- skin friction shafts are prohibited in expansive soil

After key swap, D='using only end-bearing drilled shafts.' For expansive soils, the recommended approach is actually A:

extending through the active zone to stable soil. End-bearing shafts may still experience uplift in the active zone through side

friction above the stabilizing zone. FLAG: Q82 key=D appears incorrect; A is the correct design approach for drilled shafts in

expansive.

83. A — 3 in -- the ACI minimum pile embedment into a pile cap

Per ACI 318-14 Section 26.4.2.2b, the minimum pile head embedment into the pile cap is 3 in. B (6 in), C (12 in), D (one

diameter) all exceed the ACI minimum. The 3-in minimum ensures sufficient concrete encasement around the pile head for load

transfer and corrosion protection of any pile reinforcement.

84. C — 0.19 m -- Sc=0.35x5/1.85xlog(80/50)=0.946x0.204=0.193~0.19 m

Sc=0.35x5/(1+0.85)xlog10(80/50)=1.75/1.85x0.204=0.946x0.204=0.193~0.19 m. A (0.22), B (0.35), D (0.45) are incorrect. This

settlement calculation uses metric units (kPa, meters) -- the key inputs are the compression index Cc, initial void ratio e0, clay

layer thickness H, initial effective stress sigma'v0, and stress increment Deltasigma. The result (0.19 m ~ 7.5 in) is typical for a

normally consolidated clay under moderate load increase -- the settlement occurs slowly as excess pore pressure dissipates.

85. D — The minimum depth satisfying ACI 318-14 Section 13.2.7.1 which requires at least 6 in for reinforced footings
and 8 in if unreinforced

ACI 318-14 Section 13.2.7.1 specifies minimum footing depth of 6 in for reinforced footings and 8 in for unreinforced (plain

concrete) footings. A (6-in cover above base), B (bar development length), C (bearing pressure) are not the primary criterion in

ACI 318-14 Section 13.2.7.1. The 6-in minimum for reinforced footings is a practical minimum that also ensures adequate cover

above the flexural reinforcement to prevent corrosion at the soil contact.

86. B — K0,OC = (1−sinphi')xOCR^sinphi' -- Mayne and Kulhawy's empirical correlation for K0 in OC clays

Mayne and Kulhawy's correlation K0,OC=(1−sinphi')xOCR^sinphi' is well-supported by laboratory and field data. A (sqrtOCR

which is simpler but less accurate), C (KaxOCR is not a recognized formula), D (K0=1.0 constant) are all incorrect. The

exponent sinphi' captures the effect of friction angle -- higher phi' gives more dramatic K0 increase with OCR.
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87. A — Back face of the retaining wall stem -- the heel reinforcement cantilevers from the stem face

The heel reinforcement critical section is at the back face of the retaining wall stem -- the heel slab cantilevers from the stem, and

the moment is maximum at the stem connection. B (heel midpoint), C (heel outer edge -- maximum of toe arm if toe were a

cantilever), D (front face) are all incorrect for the heel.

88. C — The bearing capacity of the underlying rock stratum only -- PDA cannot assess skin friction

After key swap, C='The bearing capacity of the underlying rock stratum only -- PDA cannot assess skin friction.' This is

INCORRECT -- the Case Method provides total capacity including skin friction and end bearing. The correct answer B is more

accurate. FLAG: Q88 key=C is incorrect. Human review required.

89. B — At d from the band beam face -- the standard ACI one-way shear critical section at d from the supporting
element

Per ACI 318-14 Section 22.5 (one-way shear), the critical section is at d from the support face (support = band beam face). A (at

face), C (2d), D (pile cap edge) are incorrect. This is the same d-offset rule as for beams and slabs generally. One-way shear

critical sections in mat foundations and pile caps follow the same d-offset convention as beams -- the failure plane forms at d

from the face of the effective support.

90. C — The global stability of the cell -- the cell must resist sliding, overturning, and bearing capacity failure at the
cell base

For circular cofferdam cells, the primary failure mode is global cell stability -- the cell must resist net water pressure causing the

entire cell to slide, overturn, or suffer bearing capacity failure at the cell base. A (bending), B (interlock tension -- important for

circular cells but secondary), D (seepage heave) are secondary concerns.

91. D — At least 5 ft (soil) or 3 ft (rock) past the failure surface -- bond zone fully in stable ground per FHWA
requirements

FHWA requires the unbonded length to extend at least 5 ft (soil) or 3 ft (rock) beyond the potential failure surface into stable

ground, ensuring the bonded zone is entirely in stable soil/rock. A (5 ft total), B (10 ft rock), C (15 ft cohesive) are incorrect

minimums.

92. A — The shear resistance along the base of the footing

Nq amplifies the overburden stress q to account for the confining pressure that increases the soil's resistance to general shear

failure. A correctly describes Nq as reflecting the confined bearing capacity from overburden. B (shear along base), C (wall

friction), D (passive pressure) describe other bearing factors. The Nq factor increases exponentially with phi -- Nq=48.9 at

phi=38° compared to Nq=18.4 at phi=30°, explaining why dense sand provides dramatically higher bearing capacity than loose

sand.

93. B — Low ground displacement and vibration -- small H-pile cross-section penetrates through fill with less soil
disturbance and less risk to adjacent structures

H-piles displace minimal soil during driving (low soil displacement, low vibration) and can penetrate through urban fill

containing debris and boulders. A (higher bearing -- not always true), C (always more economical -- not true), D (corrosion

resistant without coating -- incorrect, H-piles need cathodic protection in marine environments) are all incorrect.

94. D — 20.5 in -- d = h − cover − db/2 = 24 − 3 − 0.5 = 20.5 in for #8 bars (db=1.0 in)

d=24−3−0.5=20.5 in. A (21), B (22), C (23) all overestimate the effective depth by underestimating the concrete cover and bar

radius contributions to depth reduction. The effective depth d is measured from the extreme compression fiber to the centroid of

the tension reinforcement. The 3-in cover requirement for below-grade concrete (soil contact) rather than the 1.5-in interior cover

explains why pile caps have smaller effective depths relative to total thickness.

95. C — Both total stress parameters (cu, phiu) and effective stress parameters (c', phi') -- the total stress Mohr circles
give total parameters; applying the measured pore pressures gives the effective stress circles and effective strength
parameters

The CU triaxial test with pore pressure measurement yields both total stress parameters (from total stress Mohr circles) and

effective stress parameters (from effective stress circles with pore pressure subtracted). A (only total), B (only effective), D

(permeability only) are all incomplete. The CU test is the standard for obtaining both types of shear strength parameters in a.
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96. A — gamma = 2/(beta+1) where beta=L/B -- the ACI center band fraction formula

gamma=2/(beta+1) where beta=L/B for a rectangular footing per ACI 318-14 Section 13.3.3.3. For beta=L/B=2.0:

gamma=2/(2+1)=0.67. B (gamma=1/beta=0.50), C (gamma=(beta+1)/2=1.5>1 impossible), D (gamma=1.0 constant) are

incorrect. The center band concentration ensures adequate reinforcement in the strip under the highest bending moment. For

beta=L/B=2 (a footing twice as long as wide), 67% of the short-direction steel goes in the center band of width B -- the remaining

33% distributes in the two outer strips.

97. D — Osterberg cell (O-cell) testing, Statnamic testing, or high-strain dynamic testing -- these provide capacity data
comparable to static load tests without reaction piles or heavy counterweights

O-cell testing (Osterberg Cell) applies load at the shaft base using a hydraulic jack, separating top and bottom load mobilization;

Statnamic and HSDT (PDAD) apply dynamic impulse loads and use wave equation analysis. These methods provide capacity

data without large reaction systems. A (core quality only), B (spoils correlation), C (adjacent SPT/CPT) are all indirect methods

of lower.

98. C — Trapezoidal -- a combination of triangular active and passive pressures below the dredge line

The net pressure on a cantilever sheet pile below the dredge line combines active pressure from the retained soil (acting toward

the excavation) and passive pressure from the embedded soil (acting toward the retained side). The net pressure diagram is

trapezoidal below the dredge line, with increasing net passive pressure up to the pivot point and a small.

99. B — As computed from the bending moment at the wall face = qux(L/2−wall_half_width)2/2, but not less than
As,min per ACI 318-14 Section 13.2.7

The required steel is computed from the factored moment at the wall face (critical section for flexure), but must not be less than

As,min per ACI 318-14 Section 13.3.2. A (temperature steel controls transverse direction -- but here the question asks about

computed As from moment plus minimum), C (no reinforcement required), D (simplified formula without moment) are.

100. A — δ/L <= 1/300 to 1/500 -- the angular distortion limit that typically governs to prevent damage to structural
and nonstructural elements in RC frame buildings

The angular distortion limit δ/L=1/300 to 1/500 is the most commonly cited guideline for RC frame buildings to prevent cracking

in structural and nonstructural elements. B (1-in absolute), C (1/150 too lenient), D (1/1,000 too restrictive for typical buildings)

are incorrect. The angular distortion approach recognizes that differential settlement relative to span length, not total differential,

governs distortion.


