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ABSTRACT 
 

With the growing demand for electricity, welded cruciform sections of 700 MPa-
grade high-strength steel are emerging as a promising alternative to conventional L-
shaped angles for the main members of transmission towers. However, welding-induced 
residual stresses in such members can trigger buckling below the predicted capacity, 
while current design codes formulated for mild steel offer limited guidance for high-
strength welded sections. In this study, compression tests and sequentially coupled 
thermo-mechanical finite element analyses were conducted on welded cruciform 
members fabricated from SS410, SM460, and ATOS80 (Automobile Structural Steel) to 
develop a residual stress model. A subsequent parametric analysis examined the effects 
of width-to-thickness ratio (b/t), material constitutive model, and initial imperfection 
magnitude. The numerical results were compared with the global flexural, local plate, and 

torsional buckling strengths specified in EN 1993-1-1, EN 1993-1-5, and AISC 360-16, 
revealing the limitations of current design provisions for high-strength welded cruciform 
members. 
 
1. INTRODUCTION 
 

The rapid growth of the artificial intelligence (AI) industry has caused a sharp rise 
in electricity demand, making a stable power supply a national priority. The construction 
of transmission towers associated with new data centres and grid expansion is therefore 
expected to increase. In Korea, the main members of transmission towers are mostly 
fabricated from SS450 angle sections, which have limited cross-sectional efficiency. 
Replacing these L-shaped angles with welded cruciform members of 700 MPa-grade 

 
1) Graduate Student 
2) Principal Researcher 
3) Principal Researcher 
4) Associate Professor 

mailto:jinkook.kim@seoultech.ac.kraver.com


The 2026 World Congress on
The 2026 Structures Congress (Structures26)
23-25, August, 2026, Convensia, Incheon, Korea

  

high-strength steel can reduce the weight by about 30% under the same design load, 
thereby reducing the foundation size and improving constructability. 

When high-strength cruciform members are fabricated by welding, the residual 
stresses induced by the non-uniform temperature field and local plastic deformation near 
the weld become a concern. Cao et al. (2022) conducted experiments and numerical 
analyses on welded cruciform sections of 550 MPa-grade high-strength steel and 
showed that welding residual stresses have a considerable effect on the buckling stability 
of columns with thin-walled sections in which four outstand plates meet at a central weld. 

They also noted that the residual stress distribution models in current design codes such 
as ECCS (1976) and BSK (Boverket 1999) are derived mainly from mild steel and may 
be unsuitable for welded high-strength steel (HSS) sections. 

Cao et al. (2022) reported that a smaller width-to-thickness ratio (b/t) increases the 
relative welding heat effect and that the compressive residual stress at the plate centre 
decreases markedly as b/t increases, and expressed this as a residual stress model in 
terms of b/t. Chen et al. (2024) experimentally investigated the membrane residual 
stresses of welded pi-shaped and cruciform sections of S690 high-strength steel and 
proposed predictive models. In both studies, the tensile residual stress at the centre of 
the welded region did not reach the yield strength. This indicates that the residual stress 
level assumed by ECCS (1976) and BSK (Boverket 1999), ft = fy and fc = -0.25 fy is over-
conservative for high-strength steel. A comparison between Chen et al. (2024), with fy = 
786 MPa, and Cao et al. (2022), with fy = 559 MPa, whose yield strengths differ by more 
than 200 MPa, shows a difference of about 1.2 times in the central residual stress. The 
residual stresses of welded high-strength cruciform sections thus depend on the steel 
grade and cross-sectional geometry and cannot be represented by a single mild-steel-
based model. 

For welded cruciform sections, few studies have directly compared the residual 
stresses of mild and high-strength steels, and most of those addressing this difference 
concern I-sections. Yang et al. (2018) measured the residual stresses of thick-walled 
Q460GJ I-sections with a yield strength of 424 MPa and proposed a predictive model, 
reporting a distribution in which the maximum tensile residual stress fr,t concentrates at 
the web-to-flange junction. Su et al. (2020) evaluated the material properties and 
membrane residual stresses of welded S690 I-sections with a yield strength of 716 MPa 
and found that fr,t was also dominant at the web-to-flange junction but with a magnitude 
of about 0.8 fy. These results indicate that, regardless of the cross-sectional shape, the 
tensile residual stress at the weld does not reach the yield strength in high-strength steel. 
The assumption in current design codes that the maximum tensile residual stress equals 
the yield strength is therefore consistently conservative for high-strength steel, and its 
effect on the buckling behavior of members requires separate examination. 

Cruciform sections, formed by two plates crossing at the centre, have low warping 
stiffness and are susceptible to torsional buckling. The angular and longitudinal 
distortions produced during welding, together with the associated residual stresses, 
directly affect the compressive stability of columns. However, the effect of residual stress 
on the buckling behavior of welded high-strength cruciform sections, and the applicability 
of current design codes to them, remain insufficiently understood. This study analyses 
the buckling behavior of welded high-strength cruciform sections considering the effect 
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of residual stress and compares the results with the design strengths of AISC 360-16 
and Eurocode 3 to evaluate the applicability of current design provisions. 

The study was carried out as follows. A coupled temperature-displacement finite 
element analysis was first performed on a one-quarter model, using the symmetry of the 
cruciform section, to obtain the post-weld residual stress distributions for the constitutive 
models of the mild steels SS410 and SM460 and the high-strength steel ATOS80. The 
resulting distributions were introduced into the structural model as a predefined field, and 
162 parametric analyses combining three steel grades, two residual stress models, nine 

width-to-thickness ratios (b/t), and three initial imperfections were carried out to evaluate 
the buckling strength of the cruciform members under axial compression. 

The results were analyzed using the strength ratio R = NFEM / Ndesign, in which the 
maximum load from the finite element analysis is normalised by the strength predicted 
by the design code. Ndesign is defined as Ndesign = χ·(A or Aeff)·fy, using the reduction factor 
χ and the effective area of Eurocode 3 and AISC 360-16. A value of R > 1 indicates that 
the actual behavior exceeds the code prediction, that is, the design equation is 
conservative, and the magnitude of R quantifies the degree of conservatism. 

Eurocode 3 (EN 1993-1-1) and AISC 360-16 were both examined, with the 
discussion focused on Eurocode 3. This choice follows from a structural difference in 
how the two codes determine the buckling strength. The compressive strength equation 
of AISC 360-16 is given as a single curve, so the effect of residual stress is embedded 
implicitly in the equation. Eurocode 3, based on the Perry-Robertson formulation, treats 
the initial imperfection and residual stress effects through a separate imperfection factor 
α. Since Eurocode 3 assigns α according to the cross-sectional shape and fabrication 
method, a correction reflecting the residual stress and steel-grade characteristics of 
welded high-strength cruciform sections can be introduced by modifying α. This study 
therefore aims to quantify the effect of residual stress on the buckling strength and to 
provide a basis for a future correction of the Eurocode 3 imperfection factor α. 
 
2. RESIDUAL STRESS ANALYSIS OF WELDED CRUCIFORM SECTIONS 
 

The residual stresses were obtained from a coupled temperature-displacement 
analysis, which solves the temperature and displacement fields simultaneously, using 
the commercial finite element program ABAQUS (ver. 2025). Since the residual stresses 
of welded cruciform sections depend on the steel grade and cross-sectional geometry, 
the distributions were obtained for three steel grades (SS410, SM460, ATOS80) and 
three sections (W230-14t, W185-8t, W150-6t) that correspond to the tested specimens. 
The resulting residual stresses were then applied as the initial stress for the compression 
analysis. 
     2.1 Thermo-mechanical FE modeling 
 

The welding analysis was performed as a coupled temperature-displacement 
analysis. An eight-node coupled temperature-displacement hexahedral element (C3D8T) 
was used, and each arm was divided into eight elements along the member length. Since 
the cruciform section is symmetric about two axes, one quarter of the section was 
modelled for computational efficiency, with symmetry boundary conditions U1 = UR2 = 
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UR3 = 0 on the XSYMM plane and U2 = UR1 = UR3 = 0 on the YSYMM plane, as shown 
in Fig. 1. The section is defined by its width and thickness, and the three sections W230-
14t, W185-8t, and W150-6t were considered. 
 

 

Fig. 1 Thermo-mechanical FE model of the welded cruciform section with symmetry 
and boundary conditions 

 
The initial temperature was applied as a predefined field of 20℃, and 400℃ was 

applied as a constant predefined field at both member ends to account for the cutting 
process. The temperature-dependent thermal and mechanical properties of the steel 
were applied as shown in Fig. 2. The thermal properties in Fig. 2(a), including density, 
specific heat, thermal conductivity, and thermal expansion coefficient, and the reduction 
factors for the elastic modulus and yield strength in Fig. 2(b) were defined as functions 
of temperature. The reduction factors followed EN 1993-1-2 (CEN 2005), and the room-
temperature yield strengths were 432 MPa for SS410, 579 MPa for SM460, and 712 MPa 

for ATOS80. 
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Fig. 2 Temperature-dependent thermal and mechanical properties of steel for the 
welding simulation (CEN 2005) 

 
Heat losses by convection and radiation were considered on the model surface. 

Convection was applied as a surface film condition with a film coefficient of 9 x 10-6 
W/mm2K and an ambient temperature of 20℃, and radiation was applied as a surface 
radiation condition with an emissivity of 0.7 and an ambient temperature of 20℃. The 
welding heat input was calculated from Eq. (1) using an arc efficiency η = 0.7, a welding 
voltage of U = 24 V, a current of I = 200 A, and a deposition rate of V = 628 mm3/s 
corresponding to the welding speed. 
 

𝑞 =
𝜂𝑈𝐼

𝑉
       (1) 

 
The calculated welding heat flux of 5.35 W/mm2 was applied as a body heat flux to 

the weld bead only. To simulate the movement of the welding heat source, the analysis 
was divided into four load steps, and the location of the applied heat flux was moved 
sequentially along the member length, as indicated by the arrows in Fig. 1. This 
reproduced the non-uniform temperature history induced by the moving heat source, and 
the stress field after cooling was taken as the residual stress. 
 
     2.2 Residual stress distribution by steel grade and section 
 

The through-width residual stress distributions obtained from the analysis are 
shown in Fig. 3 and Table 1. In all three sections, a tensile residual stress ft develops 
near the weld, a compressive residual stress fc at the plate centre, and a secondary 
tensile residual stress ft,t near the free edge, forming a self-equilibrated distribution. This 
is the typical welding residual stress pattern, in which the weld carries tension and the 
surrounding region carries compression as a result of the rapid heating and cooling of 
the weld. 

The absolute magnitude of the maximum tensile residual stress ft increases with 
steel strength in all three sections. In the W230-14t section, ft is about 436 MPa for SS410, 
492 MPa for SM460, and 655 MPa for ATOS80, so that ATOS80 is about 1.5 times larger 
than SS410. When normalised by the yield strength, however, ft/fy is 1.01 for SS410, 0.85 
for SM460, and 0.92 for ATOS80, all at or below about 1.0. In the high-strength steels 
SM460 and ATOS80, ft does not reach the yield strength, consistent with the 
experimental results of Cao et al. (2022) and Chen et al. (2024). The assumption ft = fy 
in current design codes therefore overestimates the residual stress and is conservative 
for high-strength steel. As the plate thickness decreases, the through-thickness and in-
plane restraints both decrease and the residual stress accumulated at the weld is 
reduced; consequently, ft/fy decreases as the plate becomes more slender from W230-
14t to W150-6t, and the most slender section, W150-6t, gives the minimum values for all 
three grades. 

The compressive residual stress fc at the plate centre is negative and develops 
clearly in the thick W230-14t section, with a maximum absolute value of 0.33 fy. In the 
more slender W185-8t and W150-6t sections, it ranges from -0.03 fy to +0.03 fy and is 
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negligible. The secondary tensile residual stress ft,t at the free edge is likewise largest in 
W230-14t, from 0.16 fy to 0.32 fy, and decreases to 0.11 fy to 0.12 fy in W150-6t. A smaller 
width-to-thickness ratio therefore increases the relative welding heat effect and produces 
a larger compressive residual stress. 

In summary, the absolute residual stresses of welded high-strength cruciform 
sections increase with steel strength while the values normalised by the yield strength 
do not reach it, and the compressive residual stress at the plate centre varies 
considerably with the cross-sectional geometry. 

 
 

 
Fig. 3 Comparison of residual stress distributions from the empirical equations of Chen 

et al. (2024) and the thermo-mechanical analysis of this study 
 

Table 1. Residual stress distribution of welded cruciform sections normalized by yield 
strength for three steel grades 

Cross-sectional model W230-14t 

Steel grade SS410 SM460 ATOS80 

Maximum tensile residual stress, ft 1.01 fy 0.85 fy 0.92 fy 

Maximum compressive residual stress, fc -0.33 fy -0.25 fy -0.12 fy 

Secondary tensile residual stress, ft,t 0.32 fy 0.24 fy 0.16 fy 

Cross-sectional model W185-8t 

Steel grade SS410 SM460 ATOS80 

Maximum tensile residual stress, ft 0.99 fy 0.95 fy 0.86 fy 

Maximum compressive residual stress, fc 0.02 fy 0.01 fy -0.03 fy 

Secondary tensile residual stress, ft,t 0.12 fy 0.10 fy 0.17 fy 

Cross-sectional model W150-6t 

Steel grade SS410 SM460 ATOS80 

Maximum tensile residual stress, ft 0.70 fy 0.64 fy 0.76 fy 

Maximum compressive residual stress, fc 0.002 fy 0.01 fy 0.03 fy 

Secondary tensile residual stress, ft,t 0.11 fy 0.11 fy 0.12 fy 
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3. FINITE ELEMENT ANALYSIS AND VALIDATION 
 
     3.1 Structural FE model and parameters 
 

The structural model used the same geometry and element type as the preceding 
welding analysis, with a reduced-integration eight-node hexahedral element (C3D8R). 
As shown in Fig. 4, one member end was fully fixed (encastre) and the other end was 

assigned a reference point restraining U1, U2, UR1, UR2, and UR3, with a 50 mm 
displacement applied in the axial direction (U3). The engineering stress-strain curves of 
SS410, SM460, and ATOS80 in Fig. 5 were used and converted to true stress-strain 
curves for the analysis. 

 

 
Fig. 4 Structural FE model with boundary conditions and buckling mode for the 

imperfection mapping 
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Fig. 5 Engineering stress-strain curves of SS410, SM460 and ATOS80 

 
Initial imperfections were introduced using the buckling mode shapes in Fig. 4 to 

represent the geometric imperfection of the member. For cruciform sections, global 
buckling modes and local and torsional buckling modes can occur; the first buckling mode 
of each section was taken as the dominant mode and applied as the initial condition for 
the compression analysis. Following EN 1993-1-1 (2005) and Couto et al. (2019, 2021), 
the imperfection magnitude was varied over L/500, L/1000, and L/2000 for a member 
length L = 3000 mm to examine its effect on the buckling strength. 

 
3.2 Buckling strength and validation results 

 
Fig. 6 compares the load-displacement curves from the experiments and the finite 

element analyses for the three sections. The initial stiffness agrees well between 
experiment and analysis in all three sections, indicating that the elastic behavior and 
boundary conditions were modelled appropriately. The elastic buckling load Ncr, shown 
as a red dashed line, is included as a reference for the maximum loads. Ncr is calculated 
from Eq. (2), where E is the elastic modulus of the steel (210,000 MPa), I is the second 
moment of area, L is the member length, and K is the effective length factor. An effective 
length factor K = 1.0 was used to compare the elastic buckling loads of the sections on 
a consistent basis. 

 

𝑁𝑐𝑟 =
𝜋2𝐸𝐼

𝐾𝐿2        (2) 
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Fig. 6 Comparison of Load-displacement curves between experiments and FE analyses 

for validation 
 

The load-displacement curves for L/500, L/1000, and L/2000 show only small 
differences, and a smaller imperfection gives a slightly higher maximum load, indicating 
that the initial imperfection magnitude has a limited effect on the buckling strength. In the 
descending branch after the maximum load, the three curves almost coincide, showing 
that the post-buckling behavior is largely independent of the initial imperfection 
magnitude. 

The analyses predicted a slightly higher maximum load than the experiments, 
which is attributed to the initial imperfections and loading eccentricity of the specimens. 
The initial stiffness and the overall shape of the load-displacement response agree well 
with the experiments, so the model reproduces the buckling behavior of the members. 
The procedure from the welding residual stress analysis to the buckling and axial-
compression nonlinear analyses is therefore considered valid. 
 
4. PARAMETRIC STUDY AND COMPARISON WITH DESIGN CODES 
 

Based on the validated model, a parametric study was performed and compared 
with the design strengths of Eurocode 3 and AISC 360-16. The parameters comprised 
three material models, three section widths, three plate thicknesses, three initial 
imperfections, and two residual stress models: the model developed in this study and 
that of Chen et al. (2024), based on an empirical equation. As listed in Table 2, 162 
combinations were analysed. Since the width-to-thickness ratio governs the buckling 
behavior more than the member length, the length was fixed at 3,000 mm. The material 
models were constructed from material test data, and the residual stress models were 
the present model (This study) and the empirical equation of Chen et al. (2024), whose 
strength level is similar to that of the high-strength steel ATOS80. 
 

Table 2. Parameters for the parametric study 

Parameter Levels No. 

Steel grade SS410, SM460, ATOS80 3 

Width, B (mm) 150, 185, 230 3 

Thickness, t (mm) 6, 8, 14 3 
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Initial imperfection (L = 3000 mm) L/500, L/1000, L/2000 3 

Residual stress model This study, Chen et al. (2024) 2 

 
     4.1 Buckling behavior and strength ratio compared with design codes 
 

To compare the buckling behavior independently of slenderness, the maximum 
strength from the analysis was normalized as the buckling reduction factor φ. Defined by 
Eq. (3), φ is the ratio of the buckling strength to the yield load and is plotted against the 
non-dimensional slenderness λn. NFEM is the maximum buckling load from the finite 
element analysis, A is the cross-sectional area, and fy is the yield strength. 
 

𝜑 =
𝑁𝐹𝐸𝑀

𝐴∙𝑓𝑦
       (3) 

 
The parametric study covered all cross-sectional combinations, whereas the 

sections W230-14t, W185-14t, and W150-14t discussed here are those in which the 
global buckling mode was found to be dominant after the parametric analysis; they 
therefore differ from the tested specimens used for validation in Section 3. For these 
sections, the global mode was dominant both in the buckling strength calculations of 
Eurocode 3 and AISC 360-16 and in the first mode of the elastic buckling analysis, so 
the strength ratio was analysed for the global buckling mode. 

Fig. 7 shows the φ-λn relation for the global buckling mode. The solid, dashed, and 
dotted lines denote the buckling curves of Eurocode 3 (EN 1993-1-1) (a0, a, b, c, d) and 
the AISC 360-16 curve, and the scatter points denote the FEM results from the 
parametric study. The FEM results fall within the examined slenderness range of λn = 
0.9 to 1.9, and all lie above the design buckling curves. 

To compare this trend with the design codes quantitatively, the strength ratio RG = 
NFEM / Ndesign, G was calculated, where Ndesign, G is the design strength predicted by each 
code for the global buckling mode. The analysis focused on REN, G for Eurocode 3; RAISC, 

G for AISC 360-16 showed a similar trend. A value of RG > 1 means that the analysed 
buckling strength exceeds the code prediction, that is, the code is conservative. 
 



The 2026 World Congress on
The 2026 Structures Congress (Structures26)
23-25, August, 2026, Convensia, Incheon, Korea

  

 
Fig. 7 Comparison of FE results with EN 1993-1-1 and AISC 360-16 column curves for 

the global buckling mode 
 

Fig. 8 shows REN, G for the three sections against the non-dimensional slenderness. 
In all three sections, REN, G is well above 1.0 and lies mostly between 1.5 and 3.0, showing 
that Eurocode 3 predicts the actual buckling strength of high-strength cruciform sections 
conservatively. REN, G is largest for ATOS80, which has the highest slenderness, and 
smallest for SS410, so the conservatism increases for high-strength grades with larger 
slenderness. 

 

 
Fig. 8 Comparison of REN, G considering residual stress in the global buckling mode 

 
REN, G of the TS and Chen models, which include residual stress, is lower than that 

of the case without residual stress, because the residual stress reduces the actual 
buckling strength and lowers REN, G towards the code prediction. Even with residual stress, 
REN,G remains above 1.0, so the conservatism of Eurocode 3 is maintained. 
 
     4.2 Effect of residual stress on the global buckling strength 
 

To quantify the effect of residual stress on the global buckling strength, the change 
in the strength ratio ΔRG with and without residual stress was defined by Eq. (4). RG, w/o 
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resi is the strength ratio without residual stress and RG, resi is the strength ratio with residual 
stress; a negative ΔRG indicates a strength reduction caused by the residual stress. 
 

∆𝑅𝐺 =
𝑅𝐺,𝑟𝑒𝑠𝑖−𝑅𝐺,𝑤 𝑜⁄  𝑟𝑒𝑠𝑖

𝑅𝐺,𝑤 𝑜⁄  𝑟𝑒𝑠𝑖
× 100(%)       (4) 

 
Fig. 9 compares REN, G by steel grade for the three cases, without residual stress 

(w/o resi), the TS model, and the Chen model, together with ΔRG for each case. In all 
three sections, REN, G decreases when residual stress is included, and the reduction 

increases with steel strength. In the W230-14t section, ΔRG for the TS model is -2.88% 
for SS410, -4.68% for SM460, and -8.36% for ATOS80, the largest reduction occurring 
in ATOS80. The same trend is observed in the W185-14t and W150-14t sections. 

 

 
Fig. 9 Comparison of REN, G considering residual stress in the global buckling mode 

 
The larger strength reduction in high-strength steel is explained by the tensile 

residual stress at the free edge. As shown in Section 2, the free-edge secondary tensile 
residual stress ratio ft,t/fy of ATOS80 is the lowest among the three grades. The free edge, 
farthest from the neutral axis, contributes most to the flexural stiffness through the second 
moment of area I; when its tensile residual stress is low, the free edge yields at a lower 
load under external compression. The cross-sectional stiffness is then lost earlier and 

the global buckling strength decreases further, which is why ΔRG is larger in high-strength 
steel with a low free-edge tensile residual stress (Chernenko and Kennedy 1991). 

The ΔRG values of the TS and Chen models show different trends. The TS model 
varies the residual stress magnitude with the width-to-thickness ratio, whereas the Chen 
model assumes a constant compressive residual stress ratio, so the difference in the 
reduction between the two models varies with the section. In all cases, REN,G remains 
well above 1.0, so the Eurocode 3 prediction of the global buckling strength stays 
conservative for high-strength cruciform sections even when residual stress is included. 

The reduction in global buckling strength due to residual stress varies clearly with 
steel grade and is larger for high-strength steel. This grade-dependent reduction can be 
reflected through the imperfection factor α of Eurocode 3. Future work can propose an 
effective imperfection factor αeff for high-strength cruciform sections, based on the 
relation between ΔRG and the free-edge tensile residual stress ratio, to improve the 
applicability of the Eurocode 3 buckling curves. 
 
5. CONCLUSIONS 
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This study investigated the compressive buckling behavior of welded high-strength 

cruciform sections considering welding residual stress through coupled temperature-
displacement analysis and a parametric study and compared the results with current 
design codes. The main findings are as follows. 

• The welding residual stresses of cruciform sections depend on the steel grade 
and cross-sectional geometry. The absolute maximum tensile residual stress 
increases with steel strength, but the value normalized by the yield strength does 
not reach it for the high-strength steels; ft/fy was 0.85 for SM460 and 0.92 for 
ATOS80 in the W230-14t section. The assumption ft = fy in current codes is 
therefore conservative for high-strength steel. 

• The compressive residual stress at the plate center develops clearly in thick 
sections, reaching a maximum absolute value of 0.33 fy in W230-14t, but becomes 
negligible (within -0.03 fy to +0.03 fy) in the more slender sections, indicating that 
a smaller width-to-thickness ratio increases the relative welding heat effect. 

• The finite element model reproduced the experimental load-displacement 
behavior, with good agreement in initial stiffness and overall response, confirming 
the validity of the procedure from the residual stress analysis to the axial-
compression analysis. 

• For the sections governed by the global buckling mode, the strength ratio REN,G 
exceeded 1.0 for all cases and lay mostly between 1.5 and 3.0, showing that 
Eurocode 3 predicts the buckling strength of high-strength cruciform sections 
conservatively, with the conservatism increasing for higher-strength grades. 

• Including residual stress reduced REN,G, and the reduction increased with steel 
strength; ΔRG for the TS model reached -8.36% for ATOS80 in W230-14t. This 
grade-dependent reduction is attributed to the low free-edge tensile residual 
stress of high-strength steel, which causes earlier yielding at the free edge. Since 
the residual stress effect can be reflected through the imperfection factor α of 
Eurocode 3, future work will propose an effective imperfection factor αeff for high-
strength cruciform sections. 
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